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1.
Introduction
Since we of the graduating classes in medical
school all over the country will soon be in the
military services, actively engaged in the war, it
becomes advantageous to familiarize ourselves with
some of the principles of modern war surgery.

This

is especially valid since experiences in war surgery
in the last few years dictate radical changes in
many old accepted procedures.
It is for this reason that I have elected to
review the recent literature on war surgery, with
emphasis upon the later advances especially in chemotherapy.

Recently there has been some controversy

concerning the efficacy and application of local
chemotherapy and closed plaster in wound therapy;
and I shall endeavor to review this portion of the
literature with the aim of evaluating these methods.
The scope of the paper has been limited to exclude any lengthy discussion of intrathoracic, intracranial, or intraabdominal wounds or compound fractures.
This leaves the more common wounds of the extremities
and also of the trunk but not involving a body cavity,
The scope of this review was limited for two
primary reasons.

One is that this will make it include

the most common wounds and those most serious to war
effort as a whole due to the fact that far more active

2.

service days are lost from these so-called minor wounds
than from major wounds and that early active treatment
of these minor wounds does far more to decrease sick
time loss than all major surgery. (60)

The second

reason is that this will be the type of injury relegated to young men such as make up our class when we
enter the army • . The major surgery and especially
abdominal work will be done for the most part by experienced men while this type of minor wound will be
cared for mostly by the younger men.

I •
CLASSIFICATION OF WAR INJURIES
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I.

CLASSIFICATION OF WAR INJURIES

Classifications vary in complexity but for
completeness the following English classification has
been included.

It was made up by Bai ley (12, 137)

to a large extent.
1. 'Jrypes of Wounds
I. Non-penetrating Wounds
A. Contusions
1,. Deep
2. Superficial
B. Fractures
1. Simple
2. Compound
II. Penetrating -- (lodging wounds) wound of entrance
only
A. Soft parts only
1. Small wound entry '
2. Large wound entry
B. Bone . involved
1. Bone continuity destroyed
2. Bone continuity preserved
III. Perforating (traversing wounds ) wound of entrance
and exit.
A. Soft parts only
1. Small entry and exit (seton or tunnel wounds)
2. Small entry, large exit
3. Large entry, large exit
B. Bone involved
1. Bone continuity destroyed
2. Bone continuity preserved
IV.Disruptive ("blast" wounds)
A. With penetration or perforation
B. Without penetration or perforation

v.

Incised and Stab Wounds
A. Bayonet
B. Knife, knobkerries

IV. Burns
A. Bombs, grenades
B. Liquid fire

4.

VII

Asphyxiating and Poison Gases
A. Shell gas
1. Lachrymatory
2. Poison gases
B. Drift gas

VIII Accidental Wounds
A. Gunshot, barbed wire etc.
B. Accidental injuries on lines of communications from animal or mechanical transport
usually.
Obviously the various engines and projectiles of
destruction have inherent qualities which are factors
in the type of wound inflicted.
Projectiles are divided into three groups:
1. Bullets -- from rifles, machine-guns and
revolvers.
2. Shells -- trench mortars and artillery.
3. Bombs ~nd grenades•Bai ley (12) has reviewed the statistics of wcunds
in France 1914-1918 and found 39.61% due to grenades.
Lyle (177) states that in Franco-Prussian war only 9%
of the wounds were by shellfire and 90% were by bullets.
The proportions were about the same in the Russo-Japanese
War .

In the 1914-1918 war 65-80% of the wounds were

due to artillery fire. (177, 56)

2.

Type

2£

Injury (mechanism}

a. Projectiles
Wounds caused by bullets are usually comparatively
easy to treat.

International law and other less com-

mendable influences such as nrear of reprisal" have
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dictated that soft bullets cannot be used in war.

When

these were used they were quickly deformed or flattened
upon meeting resistance and caused gross mutilation of
tissue penetrated.

The steel bullets or "steel jacketed"

bullets of the British and Germans and the copper alloy
bullets used by the French all cause comparatively clean
penetrating or perforating wounds.

If the bullet strikes

a soldier in the first 600 yards of its flight or later
after almost spent it may leave a sanewhat ragged course
due to wobble of the bullet from air resistance.

Long

range bullet wounds were those encountered mostly in
the Boer War .

These high velocity machine-gun and

rifle bullets cause relatively clean wounds for they
do not tend to carry in clothing or debris.
Projectiles fixed by artillery and trench mortars
are usually of high explosive type.

They have a thick

iron casing enclosing T.N.T. or other high explosive.
These are set off by detonation or may be timed to explode .before or after impact.

The explosion results

in the fragmentation of th~ iron casing and the frag~

'

ments Agreatly varying size are dispersed violently.
The wounds caused by these irregular fragments are
some of the most lacerated, irpegular, and generally
mutilated of all wounds.

6.

Shrapnel and shell fragments have no fixed weight
or shape.

The fragments have a low initial velocity

which is rapidly lost.

Damage depends more on size and

shape of fragment than on velocity.

The wounds are

frequently multiple, chiefly in the lower extremities,
and frequently carry clothing and dirt into the tissues.
(303)

b• Blast Injuries
Grenades, bombs and aerial bombs produce wounds
similar to those of artillery shells with the addition
of blast or disruption wounds and wounds due to falling
masonry and glass from buildings being destroyed.

The

new air-raid casualties have opened a new field for
types of wounds and fatalities are high.

About seven

are killed to every ten not fatally wounded as compared
with one killed for every four not fatally wounded in
the last war. (312, 226)

Blast injuries are due to

changes in air pressure in small areas about the bursting bombs and may cause . serious disruptive internal
injuries with or without apparent external injury.

It

is of importance that all who have been subjected to
blast have complete physical examinations, regardless
of the seemingly minor nature of injury.

In one

series (63) of 27 patients subjected to "blast" only
6 had chest symptoms, though 14 had X-ray findings and
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16 had physical finding changes.

Thoracic signs

symptoms, complications and even death may occur
many hours after the injury.
expected are:

Physical signs to be

decreased movement of the diaphragm,

fullness · of chest, and impaired resonance at the bases
with or without crepitations. (63)

At autopsy those

killed by blast usually show only fine intrapulmonary
capillary hemorrhages. "It seems likely that blast
produces death by interfering with some vital tissue
or center, in which from the extreme rapidity of
action, structural changes are unlikely to be found."
(109)

'I'he mechanism of blast is yet in some dispute,
but the low pressure phase is probably the one responsible for the typical lesions. (158)
c. Crush Syndrome
The "Crush Syndrome" is another new entity in
war wou nds and results during air raids from the
crushing of parts of the body _by falling masonry and
debris.

It is characterized by a suppression of renal

function following the crushing injury resulting in
muscle damage. (41, 14, 318)

It is believed that during

the period of crushing circulation in the affected
parts is diminished and muscle is damaged either directly by crushing, or indirectly by deprivation of circul-

8.

ation.

Following release of the crushing force myo-

hemoglobin is set loose and is carried to the kidney.
Here glomerular activity is decreased and tubule flow
diminishe·d .

Myohemoglobin is concentrated in the

tubules and casts form.

Subsequent renal changes and

further reduction of urinary output may be due to mechanical obstruction or irritating effects of myohemoglobin on the renal parenchyma.

There is no direct

experimental method of determining this but there must
be some nephro toxic substance liberated from the damaged area. (247)

An atypical transfusion reaction has

been tentatively implicated by some {41) as the cause,
but cases have been reported who received no blood, (187)
so this is probably not the cause.

The mortality assoc-

iated with this syndrome is very high. (318, 247)
d. Air Raid Casualties
Injuries caused in air raids are of five types:
blast injuries; crush injuries, bomb fragment injuries,
burns, and injuries incident to the reaching of shelters
and crowding therein.

The three types of bombs usually

used are incendiary, large, high-explosive,demolition
bombs and smaller fragmentary bombs.

The effects of

the demolition bombs have been described under "Crush
Syndrome" and blast injuries.

9.

A limited amount of statistics in British literature and literature from the Spanish War indicate the
mortality is about 10% or higher from air raid injuries·,
with the abdominal injuries most fatal and head injuries
second.

The injuries are usually multiple; they are most

common in the lower extremities, and about 25% of all
air raid casualties have fractures. (263, 287)

,
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II.

LOCAL SURGICAL TREATMENT OF THE WOUND

1. Anesthesia.
a. Gas Mixtures -- (Nitrous oxide-oxygen or gasoxygen-ether)
In the strikingly motile type of warfare now employed it becomes apparent that complicated equipment
or that easily broken or difficult to transport have
only a minor part in advanced unit anesthesia.

These

mixtures, however, when used by well-equipped mobile
units and in advanced hospital units are of much value.
Nitrous oxide and oxygen anesthesia have been found
useful for cleaning burns, (293) for minor operations,
(131) for treating gased patients, lung injuries,
thoracic blast injuries (74) and in orthopedic procedures.
It is of advantage because of the early return to consciousness, low toxicity, lessened nausea, rapidity and
safety of induction, absence of complications, and
adaptability to administration under pressure in
thoracic operations.

(227)

'li'he greatest disadvantages of this type is the
bulk of the equipment needed, as has been mentioned,
need of expert anesthetists in its administration (67)
and lack of·complete relaxation.

The limitation of the

use of nitrous oxide due to poor relaxation of the patient
may be overcome by its combination with ether (200, 32)
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and the British have made this one of the most used
anesthetic mixtures in their war surgery.

They believe

divinyl ether is better than diethyl because it is less
irritating to the lungs. (223)

However, it is slightly

more toxic and should be given only by anesthetists
experienced in its administration.

{12)

Gas-oxygen-ether was used at Pearl Harbor (196)
with good results and the reports from Dunkirk by King,
(152) and Cohen {50) praise its use when it was available.
It has been used in air raid casualties in England with
good results. (102}
b. Chloroform and ether
Chloroform was the first anesthetic to gain favor
in military use.

It was used in the Crimean War and

during the Civil War was used in preference to ether.
In the war of 1914-1918 chloroform fell into disrepute
because it was agreed among surgeons and anesthetists
that chloroform was contraindicated in cases of shock
and aepsis and caused a fall of blood pressure during
the twelve hour~ after operation.

Some authors state

that 55% of the deaths attributable to anesthetic agents
were caused by chloroform.

(264}

In spite of its toxic effects chloroform has been
advocated in the present war because of its non-inflam-
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mability and lack of bulk.

It will be of value mostly

in special places or times when inflammable gas cannot
be used or is unavailable.

It is the only inhalant gas

applicable in cases of gas poisoning.
Ether was also used first in the Crimean War.

It

did not gain military favor until the war of 1914-1918,
but since that time has been used extensively.

Ether's

main advantages are its low toxicity and good relaxation secured.

The disadvantages of ether anesthesia

are long induction, slow recovery, pulmonary irritation
and inflammability.
Mixtures of ether and chloroform have been used
and it was found that when properly administered it
caused quiet, quick induction, less irritation, less
secretion of mucus and less excitation.
c.

Local Anesthesia
This form of anesthesia has not found much favor

in this war.

The danger of sepsis seems to be the main

contraindication. (268, 152)
in patients who tend to be

It is used to advantage

0 shocky 0 •

It is contrain-

dicated especially in the abdominal wall where there is
demonstrable risk of infection near the area concerned.
(12, 143)

Other disadvantages of local anesthesia are:

its
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scope of application is limited, the patient can move
during the operation, it is time consuming, the surgeon's
field is limited, resistance of tissue already contaminated may be decreased · (316, 299, 144) and sane patients
react poorly to local anesthesia if highly exhausted
or under severe nervous strain. (220)
It has been asserted (185) th~t procaine and its
allies contain esters of para-aminobenzoic acid and
should not be injected around any wound in which the
sulfonamide are to be used.

d.

Spinal and Rectal Anesthesia
Rectal anesthesia may have slight value in base

hospitals for use in tetanus and in cases of gas poisoning.

However, they have slight if any value in advanced

stations. {200)

e.

Intravenous Anesthesia
This form of anesthesia has gained much favor

recently.

Sodium pentothal is the drug most often

used and is of value because of rapidity of induction
and recovery, simple equipment, non-explosive qualities
allowing cautery, does not appreciably lower blood
pressure, does not increase intra-cranial pressure and
is non-toxic in repeated or continued administration.(61,
195)
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Contraindications are poisoning by asphyxiant gases,
marked shock, hepatic and renal disease and long operative procedures.

It was at one time believed that

sodium pentothal was incompatible with the sulfonamides,
but this error has been debunked. (267)
Many have found intravenous anesthesia of value
in this war. (102) J. Smith (268) citing from his experiences in the early sieges of Bardia anili Tobruk
states sodium pentothal and ether were the only anesthetics used.

Others who speak highly of this intravenous

anesthetic are Morehead (196, 197) from his experiences
in Pearl Harbor,and King (152) and Cohen (50) from their
Dunkirk experiences.

f.

Premedication
Preoperative medication consists usually of liberal

administration of morphine sulfate,but in strenuous or
rush times patients often arrive with no premedication
and the surgeon has to wait until the depressant
can act or go on with the anesthetic without premedication.

In such rush periods as occur during and after

a major battle the disadvantage of the lack of preoperative medication may be overcome by the intravenous
administration of morphine sulfate,(18) dilaudid, (19)
omnopon, scopolamine hydrobromide or pentothal sodium.
(22, 227)

15.

g. Summary
As a summary of the value of the various anesthetics in war surgery the 1942 predictions of Pender
and Lundy (227) are adequate.
1.
2.
3.
4.
5.
6.
7.

a.

2,.

Chloroform will be the reserve anesthetic agent
for use Ur'l.der adverse conditions.
Ether will form the foundation anesthetic agent
when other agents are not satisfactory.
Quick-acting barbiturates administered intravenously w-i ll be used more often than any
other type of anesthetic agent.
Cyclopropane will be used in base hospitals.
Nitrous oxi~e and oxygen will be used for induction and short operations.
Rectal anesthesia will be seldom used.
Local anesthesia will be used whene ver possible.
The intratracheal method will almost always
by the routine manner of administration of
the volatile anesthetic agents.

Shock
Hemorrhage, shock, and protection of wound from

further contamination are the first considerations in
treatment of war wounds . (197)

Usually the hemorrhage

is arrested and ~ound surface covered when the patient
is first seen by the medical -officer, but shock is
often present and must be treated before local care
can be given the wound .

16.

a.

Definition and Etiology
Shock has been usefully defined by Harkins (114)

as a progressive vasoconstrictive oligemic anoxia and
this should be
therapy.

kept in mind in its recognition and

The immediate mechanical causes or factors

in causation of shock are:
l.
2.
3.
4.

Decrease in force of heart beat
Decrease in peripheral resistance
Diminished blood volume
Increased viscosity of the blood

It must be stressed that it is caused by a failure of circulation for any cause and the fall in blood
pressure follows rather than initiates the shock.
Traumatic shock is divided into 2 t ypes - primary and
secondary.

Primary shock occurs immediately after

scxne painful or mentally traumatic injury.

It may be

due to reflex inhibition of the heart accompanied by a
splanchnic vasodilation.

Secondary shock develops more

slowly and may be caused by such factors as he morrhage,
inflammation, toxemia, or pain.

Fluid loss alone may

account for all the symptoms. (24)

b.

Therapy
The present day treatment of shock is not much

changed from that of the past and it can be said that
results are not yet satisfactory.

If it is not known
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what to do it is at least known what not to do.
on the list of

11

Chief

don 1 ts" is use of cardiac stimulants;

for these dilate the capillaries and after an initial
rise

in

blood pressure it may again drop lower than be-

fore administration. (7, 319)

Alcohol is probably of no

value and acacia may cause future transfusion reactions
(12) as well as permanent acacia deposits in visceral
organs. (80, 274)

Amberson (6) lists the following

objections to acacia:
1. B.S.R. increased
2. Red cells coated with gum and oxygen diffusion
is hindered
3. Osmotic pressure maintained only 48 hours.
4. Acacia fixed in tissues (especially lfver)
5. Retention in liver may result in decreased
plasma proteins
·
6. Considerable danger of antigenic action
The treatment of primary shock seems to be morphine
¼to½ grain , rest, and heat application with possibly
raising of the foot of the bed.

There are a few pro-

ponents of intravenous morphine for shock (200, 160, 18)
but subcutaneous administration is probably adequate and
rapid enough in most cases.
For secondary shock the mainstay is intravenous
plasma with saline and transfusions . of lesser value.
In fact it has been shown by Beard and Blalock that
intravenous crystalloid solutions may actually do more
harm than good if not supplemented with blood or plasma.
(15)
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Matthews (184) and Wakely (294) give the f'ollowing
formula to determine the amount of plasma needed;
Hb. conc./100

= 5/(5-x}

where xis plasma needed in

liters.
Contemporary attempts to modify animal plasma by
Cohen, and the observations of Wangensteen (300) on this
subject are encouraging and may possibly lead to dramatic advances in plasma therapy.

Oxygen administration

by Boothby or other mask may be of value; for it is
important to maintain adequate oxygenation of the tissues
until the patient's own circulatory system overcomes
the anoxia.
Cardiac stimulants, in the opinion of most authorities are unwarranted except in cases of shock due to
burns in which good results from intravenous suprarenal cortical extract have been reported (314, 114)
though some are unable to note any benefit.

Australian

workers cite t•cardiozol II and "Neosynephrin" as of
possible value. (65)

c.

Summary of therapy
Primary shock:
1. Morphine
2. Heat
3.
Postural
4. Rest
Secondary Shock:
1. Plasma intravenously (other fluid of
lesser value)
2. Morphine
3. Oxygen
4. Heat

3.

Debridement
The term debridement, according to Morrison,(198)

should be kept separate from the term wound excision.
Debridement was introduced by Desault during the Napoleonic wars in his writings i n ~ Journal~ Chirurgie
(12).

Both he and Baron Larry used this term to mean

the act of making an incision to enlarge a wound to
remove some foreign body or to provide drainage. Mouat
(199) also clearly distinguishes between the two and
states that the two methods are separated in history
by a gap of more than 100 years, and by the introduction
of general anesthesia, which alone made wound excision
possible.

D1 0ffay suggests the term debridement be

dropped if it continues to be confused with wound excision.

He suggest~ the use of some simple term like

( enlargement" to replace it. (68)

Archibald states

debridement signifies only that part of the operation
which removes a ''bride tt or obstacle.

It thus refers

only to enlargement of a wound to gain full view of
wound interior. (9)
Debridement involves the examination of the depths
of a wound through a free incision, removal of foreign
bodies, bone fragments, clots and ligation of bleeding
vessels.

This method of treatment is reserved for the

infected stage in wounds and is substituted for primary
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excision which is used in the "safe peri<:>d 11 when the
wound is contaminated but not yet infected.
Bailey (12) has outlined the principles of debridement which should be followed in surgical treatment
of visibly infected wounds.
1.
2.
3.
4.
5.
6.
7.
8.
9.

4.

Always do debridement and never local excision
after 18-20 hours.
Operative treatment must be limited and gentle.
Incise for abscess and for drainage.
Remove blood clot, foreign bodies and obviously
devitalized tissue without damage to living
cells of wounds.
Hemosta.sis
Removal of damaged or devitalized muscle
Free drainage is imperative.
Irrigate with mild antiseptic as hydrogen
peroxide.
Do not use tubes for drainage. Pack lightly
with vaseline gauze strips leading to surface or use Carrel-Dakin technique.

Primarz Wound Excision
a. Definition and History
Wound excision is the meticulous, time-consuming

process by which every portion of bruised or potentially
infected tissue is excised with a sharp knife from a
contaminated wound.

This must be carried out within

twelve hours after injury in the period while the wound
is contaminated and before it is actually infected.
In general practice in the United States, the "safe
period" is usually assumed to be 6 to 8 hours, but the
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military surgeons, especially the British, have extended it to twelve hours. {221)

Jeffrey (140) from his

experience in France in 1940, concludes the time limit

in the upper extremity is twelve hours and that of the
lower limbs is six hours.
The term debridement is used preponderantly in
American literature to indicate primary excision in
spite of the term having definitely different meaning
originally as described.
The method of wound treatment is not new, for it
was used by P. L. Friedrick, a German surgeon, in 1897
and he advised treating of contused wounds by complete
excision "as though they were neoplasms~• ( 56, 86)
This is the "epluchage II of the French surgeons, (225)
and means to clean a cavity by plucking out or otherwise
removing unwanted or injurious parts. (9)

The method

has been likened to the clipping of flower stems to
freshen them. (291)

The procedure was popularized by

Duval of Paris, and Depage of Belgium in 1914-1918 war.

b. Procedure
The first step in treatment of a wound by excision
is the preparation of the surrounding area and the
actual wound itself.

This should be done with adequate

soap and water and gentle, but thorough, scrubbing of
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skin surfaces about the wound, (112)

The depths of the

wound should be reached and all foreign material gently
removed in the scrubbing process.

Removal of the soap

is effected by copious irrigation with sterile saline
from t he bottom of the wound upward, taking care that
foreign material is washed out of the wound and not
into the wound.

Some surgeons (Bisgard and Baker)

(23) believe this copious irrigation to be the most
important factor in making a . wound aseptic and advise
the use of large tankers of sterile saline in advanced
field units in battle.

Although the irrigation itself

may result in relative sterility of the wound it has
been shown that the surrounding skin· is usually rendered
far less aseptic and some skin antiseptic should be
used about the wound.

It should never enter into its

depths, due to the tissue damage caused by the bacteriocidal chemicals thus applied to living cells unprotected by epithelium.

Novak and Hall (21..8) have

shown only about 53% of skin organisms are killed or
removed by the soap and water method.
cheap antiseptic made up of

o.o7t

They advise a

HgCl 2, 0.5% t~i-

cresol, 10% acetone and 501 alcohol.
After initial preparation of t he wcund and the
skin surface the actual excision is begun.

The edges

of the skin are excised, usually about¼ inch, or more,
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from the edge, and all of the walls of the wound are
dissected away with a sharp knife to deep, fresh tissue.
Usually the wound is larger than the skin aperture
suggests and care nrust be taken that all devitalized,
injured or potentially infected tissue is removed.
Fresh muscle is bright rec;], twitches when pinched and
bleeds freely.

After the excision is complete the larger

bleeders are tied and slight oozing which may persist
may be stopped by touching oozing points with hydrogen
peroxide. (152)

c. Advantages and Disadvantages
The advantage of this type of treatment, obviously,
is to make a clean or relatively sterile wound from a
contaminated or potentially infected one.
advantages are at least two.

'.Rhe dis-

First, there is sacri-

fice of tissue, but· this is unavoidable, a small quantity only, and amply justified to insure a clean wound.
The second disadvantage is the difficulty in obtaining
operative treatment in the first eight to twelve hours
after injury, which is essential to the carrying out
of this treatment.

This disadvantage must be overcome

by efficient transportation of wounded to a place of
treatment and rapid, efficient surgical care after
wounded are received.

This disadvantage is often un-
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surmountable due to adverse military conditions.

d. Summary -- Wound Excision Procedure
In his recent book, Bailey (12) has summarized
the procedure of local excision and also listed common
errors.
Directions for wound excision in pre-inflammQtory stage:
l. ¼ inch skin margin removal is ample.
2. Ex.pose deeper parts by longitudinal incisions
above and below the skin wound.
3. Avoid unnecessary transverse incision of uninjured skin and nruscle.
4. Remove with a sharp knife the wall of the
wound tract, including all damaged tissue,
but avoiding injury to important vessels,
and nerves.
5. Remember, a healthy muscle bleeds and contracts
on section. A brick-red color may indicate
early anaerobic infection.
6. Leave no tabs of muscle, fascia or fat.
7. Avoid removal of bone fragments attached to
periosteum.
8 . See what you are doing.
9. Make a record of operative details.
e. Common Errors in Wound Excision
l. Undue sacrifice of skin
2. Unnecessary transverse section of skin and
muscle.
3. Inadequate exposure of depths of wounds
4. Use of »pull through 0 of gauze instead of
proper exposure and excision.
5. Removal of foreign bodies through separate
incision instead of following wound tract.
Some, however, believe that this is not
an error but the procedure of choice. (220)
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5.

Treatment After Wound Excision (i.e. Contaminated
Wounds)
·
·
Now that the excision procedure has been carried

out and the contaminated wound has been transformed
into a relatively clean wound there are several possible
methods of treatment of the wound.

It is not yet defin-

itely proven which has the most merit, but it is apparent that the best treatment in most cases depends upon
the individual case and existing surgical and military
conditions.
Some of the principles of subsequent wound treatment which should be observed are:
1.
2.
3.
4.

Prevent edema -- thus no tension sutures
Tissue support -- to control edema
Immobilization to give complete rest
Protective bandaging to prevent future contamination

The possible methods of treatment following excision are here listed and will be considered in detail
in the order listed.
1.

Primary Suture (220, 116)

2.

Delayed or Secondary Suture (225, 55)
a. After flavine packs (221, 55, 225, 303)
b. After vaseline packs
c. After fish oil packs (220)
d. After dusting. with sulfonamides
e. After Carrel-Dakin irrigation. {177, 39)

3.

Closed plaster method (286, 288, 285, 302, 107,
66, 245, 10)

26.

a. Primary Suture
Primary suture is, of crurse, the best procedure,
but in present day war conditions, is rarely possible
due to the time interval from wounding to treatment,
the irregular type of wound often present and because
the facilities usually do not allow of constant observance of the wound as should be the case with primary
closure.

One of the lessons of the last war was the

futility, in most cases, of attempting primary closure,
and literature from the present war to date seems to
bear out this lesson. (225, 110, 229, 303)
Jeffrey reports the treatment of a small number
of recent wrunds by excision followed by primary
closure in France in 1940.

He had good results in

about 92t of the cases, but conditions were unusually
favorable and the wounded were received only three hours
after injury.

A. Tudor Hart (116) undertook primary

suture in a number of cases in his service with the
Spanish Republican Army.

He emphasizes that careful

local excision is a prime requisite and then primary
suture was attempted only if skin edges came together
without tension and when wounds were less than 12 hours
old.

Bailey (12) states no buried sutures should be

used if primary suture is attempted, and since drains
only prevent apposition of living tissue he states
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these also are better avoided.
Moorehead (196, 197) describes what he calls
promosecondary suture which he used at Pearl Harbor.
After wound excision, hemostasis and dusting with
sulfonamides the wounds were left open with non-absorbable sutures in place but not tied.

Sutures were

tied the third day if all was well.
Head wounds are apparently an exception to the
general rule in war and every effort must be made to
excise and close these in contradistinction to wounds
in other areas. (192, 49)

b.

Secondary or Delayed Closure
"t°flc,

Secondary closure is advised in all cases if wound
is more than twelve hours ·old. (39, 55, 161, 163, 17'7,
303)

This is in spite of lack of evidence of infection;

for after twelve hours a contaminated wound, for all
practical purposes, is infected in spite of the good
efforts at wound excision.

Even if received in the

first twelve hours, however, experience in war surgery
has proven secondary suture is to be advised.

The

British in the last war, and early part of this one
used 1:1000 acriflavine packs in the freshly excised
wounds and closed them after one to five days. {221,
55, 225)
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The acriflavine is slightly bacteriostatic and yet not
grossly distructive of living tissue.
Other medicaments have been placed in wounds before closure, notably fish oils in the Finnish-Russian
War, (220) and vaseline gauze followed by plaster
immobilization in the Spanish Civil War .
In the last few years the local implantation of
sulfonamides in the wound for 2-5 days after excision
and before secondary closure has come to supplant all
other methods.

This is now the accepted metho~ of

treatment in all of the modern armies and principles
of the method will be discussed later under Local
Chemotherapy.

c. Closed Plaster
This method has no place in the treatment of
contaminated wounds in the first twelve hours before
infection has developed, except in cases in which
there is as~ociated compound fracture.

In the case of

minor contaminated wound associated with compound
fracture the method is of great value.

The

same principles of careful wound excision are again
prerequisites to plaster application.

The treatment

is now not only that of a superficial wound, potentially
infected, but also of a fracture and all its problems.
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6.

The Treatment of Obviousli Infected Wounds
a. Debridement
It is here that debridement, in the original

meaning of the term, should be used.

For discussion

of this method see previous section on debridement.
A 19-pound surgical cautery apparatus was used
in the recent Spanish War with good results in debridement treatment of infected wounds.

The current des-

troys bacteria, bleeding is minimal, and post-operative
shock was minimal. (26)

b. Closed Plaster
(1) History
The closed plaster treatment apparently had its
origin as early as the Franco-Prussian War; for Oglivie
(222) used this method in a Red Cross unit in the
French Army in 1915 and there learned it had been used
by Ollier in the Franco-Prussian War.
a German surgeon, used this in 1897.

Friedrich,(86)
Wennet Orr has

advocated a closed-plaster treatment for os•teomyelitis
since 1914-1918.

Truetta and other Spanish surgeons

used the method of Orr and Friedrich combined (285)
in the Spanish Civil War and some, notably B8hler,
modified the method considerably.

The literature,

for a period after its innovation on a large scale,
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contained suggestions as to which man should be so
honored as to have the method named for him -- Truetta,
Orr, or B8hler.
Truetta himself gives the credit as originator
of the method to an English surgeon, Joseph Gamgee,
who in 1853 published a paper describing fixation of
a fracture with splints covered with starched bandages.
R. Watson Jones (302) and Groves (107) believe
the method should be called the Orr method.

Groves

describes the method as introduced by Orr, developed
by Truetta, and modified by B8hler.

The French have

given us the dubious honor of calling it the "American
Method~

(245)

Many of the recent writers are inclined to believe
the controversy should not be who is to be praised,
but rather who is to be blamed for the method.

This

does not predicate that the method itself is necessarily at fault, but at least it has been severely abused.

(2) Procedure
Truetta and Barnes (288) state that if the closed
method is to be used it is absolutely necessary that
preliminary surgical treatment be thorough, and when
finally encased in plaster the technique should be
carried · out so as to give complete immobilization to
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all sof't tissues.

The term, ttclosed plaster~' in

fact, is probably unfortunate; (37} for it gives the
impression that the closure is important while it is
really the results of plaster encasement that are
important:
1.
2.
3.
4.
5.

Free drainage
Wound left open after excision and foreign
body removal
Avoidance of' disinfectants
Avoidance of frequent dressings
Immobilization

After wound excision an accurately fitting plaster
is applied without any padding or dressing except on
prominent bony parts.

Before the plaster is applied,

Truetta stresses that not only must an adequate wound
excision be done but also the blood supply of the limb
must not be in doubt.

He especially emphasizes that

the factor of tissue vitality or viability is a decisive element in infection and has not been given due

importance.

~he greatest danger lies in devitalized

muscles.

Principles of Treatment:
1. Extensive and accurate debridement (be radical with muscle)
2. Reduction of fracture (often after preliminary traction)
3. Immobilization in skin-tight plaster
This achieves:
1. Complete rest of entire limb
2. Absence of interference.
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3. Free drainage due to a material in contact
with granulating surface to which tissue
does not adhere; thus allowing pus and secretion to drain away
4. Well -being of patient much increased; for they
all feel well.
The main disadvantage of this method is that with
the limb so hidden from view a spreading inflammation
may be far advanced before noted and limb or life may
be lost.

When the plaster is padded or windows cut

in it, it is much less effective and edema occurs.

As

, outlined by Higgs, (128) the functional disadvantages
of the closed plaster method are:
1.
2.
3.

Surrounding skin often develops septic dermatitis
Skin quality under plaster is poor when it
heals over wounds .
Difficult to maintain adequate extension

When the wound is extensive, Truetta uses a pack
of dry, sterile gauze, but no dressings, under the
plaster.

Others use vaselined or paraffined gauze,

as in the Orr method of treatment of osteomyelitis.
;

In the Finnish-Russian conflict gauze soaked in fishoil was used under the plaster. (220)

The pack is

gradually extruded as healing occurs under the plaster.
Changes of plaster are necessitated by its softening
from discharge or because of foul smell, and after
each change the temperature rises and toxemia develops for a few days; thus illustrating the danger of
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disturbance.
Indications for removal of cast may be listed: (12, 285)
1. Severe discomfort or pain
2. Plaster loosening as limb decreases in size
3. Secondary hemorrhage
4. Unsatisfactory general condition of patient
5. Offensive odor

(3) Results - Critical Evaluation
The results of the closed plaster method, according
to Truetta (285, 288) are very good.

From his exper-

ience in the Spanish Republican Army he has reported
1,073 compound fractures treated by this method.

In

his series there were only six deaths and only one of
these from gas gangrene.

Over 20,000 were treated by

this method during the Spanish Civil War, but most of
the records were destro·y ed.

Coller and Farris ( 56) cite

the experiences of A. D. Wall, who i n 1937 found the
plaster method of advantage in caring for the wounded
in China, and gangrene was minimal there in spite of
the much-fertilized soil.
Dr. Rudalph Matas (cited by 55) personally visited
the Catalonian war zone, where over 5,000 were under
treatment .

He was impressed with the good results,

especially in cases receiving good surgical preparation before plaster.
J. D•Harcourt and associates (66) at Vallcarca
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Hospital in Barcelona treated over 5000 cases by the
plaster method, and observed 17,000 others.

In their

reported series treated by them in one year they did
only 26 secondary amputations, and had only 37 deaths
-- 15 of these from gas gangrene.

They list four in-

stances when the closed method must not be used:
l.

When there is
circulation
When wound is
When there is
When there is

2.
3.
4.

risk of necrosis from inadequate
unsuitable for saucerization
severe crushing
suspicion of vascular lesion

To this list Truetta (286) warns that closed
plaster is especially dangerous on the thigh and states
the leg should be placed in traction one to three
days to see if the tissue is viable before applying
the cast.
Final results, as claimed by Truetta, (285) from
the standpoint of function are:
deaths

good 90.9%, bad 8.6%,

o. 5%.

However, recently much has come out in the French
literature by those who received many of the Spanish
refugees after they had been placed in plaster.

It

is evident from their experiences that there are many
pitfalls in this method. (10, 245, 269)
Ricard et. al. (245) treated many refugees and
found many of the fractures were badly, or not at all,
reduced and projectiles still remained in the wounds.
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Some, apparently, were treated by superficial cleansing and immobilization alone.

They felt, thus, that

immobilization was of value only after rigorous and
proper treatment of the wound and fracture had been
carried out.

The y also were surprised to find the

method had been applied to joints and with universally
poor results .

Although the refugees were in good

general condition the condition of the extremities,
from the standpoint of function, was poor.

When this

paper was read at Lyon, Peycelon told of 60 such cases
of his own and called attention to t he fact that the
Spanish referred to this treatment as the "American
Method~

Many had draining sinuses, extensive pressure

areas in axillae, and on palmar surfaces.

Wrists had

gangrene of flexor tendons, ulcers were present over
popliteal space and over maleoli.

Five amputations

of thigh or arm were necessitated because of infection.
He therefore removed all plaster fro m these patients
with "remarkable results~'
Mallet ·· and Guy are cited by Coller and Farris ( 56)
as treating 83 Spanish casualties.

29 had extensive

plaster, 25 fractures and 4 had extensive soft part
wounds.

Of these eleven carried a high temperature

and one amputation was necessary for infection.
They also cite Gabrielle, who treated three-hundred
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refugees in a Lyon Hospital.

The plaster applied in

ten cases of soft tissue injury alone appeared useless,
the joints were unnecessarily stiffened and projectiles
remained in the wounds.

He concludes; "All casualties

should be operated on as soon as possible.

It is use-

less to immobilize for transportation of common wounds
of soft tissue.

Fractures should be correctly immobil-

ized."
Arnaud and associates (10) took care of more than
2,000 wounded soldiers of the Spanish Civil War on the
hospital ships M~ric_h_~l~Lyautey and~-

They observed

over 600 with wounds of the extremities treated by
closed plaster.

They noted wounds poorly operated on,

extremities in poor functional position, ischemic
arthritis, missiles still in wounds and extensive abscess formation usually all unknown to the patient.
In fractured femurs all results were bad.
injuries results were worst of all.

In joint

Arnaud and his

associates conclude this method of treatment should
be used only under unusual war conditions, namely,
a great mass of wounded, or when there is difficulty
in evacuation or reduced training personnel.

(4)

Open Air Modification of Closed Plaster

This type of plaster was applied in the Spanish
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War by the surgeons of the German school.

The prelim-

inary treatment was the same in this modification but
windows were cut from the cast directly over the wounds.
Zinc oxide was placed on the edges so the skin was not
irritated by the wound secretions.

Heliotherapy was

given every day and scabs removed under anesthesia
every four or five days to promote drainage. (229)
The basis of both types of plaster is essentially
complete tissue immobilization.

The German school

advocates this method because of better drainage • . The
Truetta group condemn it because the uncovered . portion
becomes edematous and protrudes through tpe aperture
and because of the danger of further contamination
when open.

(b)

Other Modifications of Closed Plaster

The closed method has been modified by Wilson,
(312) Matthews ,(184) Browster(35) and others so that
two of the most recent advances of war surgery, closed
plaster and chemotherapy are used together.

They

powder wounds thoroughly with sulfonamides after careful wound excision and then apply closed plaster.
Choice of drug is probably sulfathiazole because of
its slower absorption,(5-6 days) thus exerting its
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bacteriostatic effect for long enough time for the
body defuses to deal with the small amount of contamination usually present.

Another minor change which has

been suggested by Cohen, (50) but not well accepted,
is slight padding under plaster.

Converse (58) advises

skin grafting as soon as infection is decreased with
sulfonamides and the reapplication of plaster over
the grafts.

Macey (180) and Klesper and Veal (154)

state skin grafts develop normally in the presence of
large concentrations of sulfanilamide and its derivatives.
Lactose has been used under closed plaster to
prevent odor.

The organisms ferment the lactose in

preference to acting on · proteins.

The cast is said to

remain four weeks without odor and dressings did not
adhere when removed. (298)

Recent articles (1943)

now advocate use of sulfanilamide paste gauze or 12%
lactose solution gauze under the plaster in the wound.
(144)
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(6)

Conclusions

From this review of recent literature we may come
to the following conclusions:
1.
2.

3.

4.
5.
6.

7.

a.

The closed plaster method is still under trial.
Results are good when the procedure and the
principles of Truetta is followed and careful surgical preparation of the wound is
made and viability of tissue definitely ·
determined.
Results are poor when:
a. Procedure carried out by men not trained
in true Truetta method. ·
b. When fracture of femur involved
c. When missiles are left in wounds
d. When wounds involve joints
e. When for lack of time or personnel, preliminary surgical treatment of wound
is neglected.
The method is usually of no value in simple
contaminated wounds not associated with
fracture.
The method is applicable to contaminated
wounds associated with fractures and infected
wounds with and without associated fracture.
Closed plaster should never be used when:
a. Circulation is inadequate
b. When suspicion of vascular lesion or
injury exists
c. In crushing injuries
d. When wound involves joint
e. When projectiles remain in wound
f. When fracture not reduced
g. When adequate surgical preparation cannot be carried out.
The method facilitates evacuation of seriously
wounded; and when properly carried out,
markedly decreases morbidity and mortality.
Sulfonamides may be of value if placed in the
wound before the application of plaster.
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CHEMOTHERAPY
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III. CHEMOTHERAPY

1.

Mode of Action of Sulfonamides
It is not known in what manner the sulfonamides

act but it has been explained, and with good logic at
least, upon the basis of catalase inactivation and
hydrogen peroxide accumulation in the bacterial cells.
Bacteria produce hydrogen peroxide in the presence of
oxygen and if this is permitted to accumulate through
chemotherapy a condition of -bacteriostasis would result.
Catalase normally breaks down hydrogen peroxide to water
and oxygen, but the sulfonamides may inhibit catalase.
(96, 270)

This had until recently come to be generally
accepted as the probable action of sulfonamides.

Oth8r

views or theories which have been postulated are:
that it prevents the specialized metabolic activities
required of invading organisms {especially protein
utilization) (164), that the source of nitrogen is interfered with {168}, that phagocytosis is facilitated
when the multiplication of bacteria is inhibited by
sulfonamides (172) and that toxic products or oxidized derivatives of sulfanilamide are directly toxic
_to bacterial cells as a result of their high oxidizing
intensity {262), and other theories involving complex
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enzyme relations (167, 188) but based essentially on
the toxic effect of accumulated hydrogen peroxide.
Sevag et. al. (261) believe sulfanilamide acts
by blocking primarily respiratory processes and find
it equally effective (in vitro) in the presence or
absence of catalase.

Nume~ous others have been unable

to inhibit catalase with sulfonamides in vitro.(83).
Some believe the mechanism of action may lie in interference with not one but several enzyme reactions. (70)
The enzyme inactivation or bacteriostatic effect is
apparently exerted within the cell rather than in the
culture medium itself;for after subjecting cultures
to 20 mg.%

sulfonamides and then washing and drying

the bacteria they were shown to contain 5-9 mg./100 gm.
dry weight of bacteria.

The electron microscope has

given evidence that this accumulation of sulfonamides
is actually intracellular. (75)
Regardless of the mode of action of sulfonamides,
there are definitely certain compounds contained in
peptone, tissue extracts, and especially in necrotic
tissue, which inhibit the action of the sulfonamides.
(281, 78, 70, 79, 169, 205)

Stamp in 1939 (271) ex-

tracted a substance from streptococci which antagonized
the action of sulfanilamide and concluded this extract
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might contain a necessary nutritive factor.

Green {103)

in 1940 also obtained an inhibitory extract and finally
Woods (315) and others (252), obtained an extract from
yeast which counteracted the action of sulfanilamide
and identified the active material as para-aminobenzoic
acid.

Fildes (76) has postulated that sulfonamides

act by blocking the enzyme concerned in the further
utilization of para-aminobenzoic acid in the bacterial
cell.
This theory has received much support from other
workers.(171, 105, 104, 206, 254)

In summary of the

available literature it seems that para-aminobenzoic
acid is utilized by bacteria as an essential part of
their metabolism and sulfanilamide acts by interfering
with the utilization of this compound by combining
with some group in this compound,or more likely, by
blocking the enzyme whose substrate is para-aminobenzoic acid; thus making it non-utilizable by the
bacteria.

When unable to acquire this essential

metabolite the bacteria die.

The distressing feature

is that in vitro . it has been shown that 1 mg. of paraaminobenzoic acid may reverse the bacteriostasis of
26,000 mg. sulfanilamide or 26 gm . (254)

44.

2.

Local Use of Sulfonamides
a. History and Development
Since Domagk (69) first used sulfonamides clin-

ically the use of chemotherapy has advanced to assume
the leading role in practically all infections.

Sinclair

and Barker (265) in 1937 were the first to report on
the local use of sulfonamides.

Thejused powdered sul-

fanilamide locally in oral surgery.

At about the same

time Purdie and Fry (231) in England, were the first
there to report the powdering of a wound with sulfanilamide.
ococci.

The wound was infected with hemolytic streptSince oral as well as local sulfanilamide was

used it was not apparent which was responsible for the
good therapeutic effect.

Jensen, Johnsrud and Nelson

(142} in 1939 used sulfanilamide locally in compound
fractures with strikingly good results.
When sulfanilamide first came out it .was felt
to be primarily effective against beta hemolytic streptococci and to be most e~fective orally.

Although the

drug is of high potency against the streptococcus,
sulfanilamide and especially its derivative sulfathiazole have been found to have polyvalent bacteriostatic
ability and inhibit a large percentage of all organisms.
Ladd in 1939 (156) found the drug effective orally
against streptococcus peritonitis, Ravidin, Rhodes and
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Lockwood in 1940 (238) found mixed peritonitis favorably influenced, and Garlock and Seley in 1939 (91)
report the successful use of the drug against colon
bacillus.

Wilensky (308) found sulfonamides effective

locally and orally in osteomyelitis.
In view of the good results noted from oral administration of sulfonamides in• peritoneal infections
and the good results from local implantation in compound fractures, it _was only logical to try the local
use of the compound intraperitoneally.

R.

s.

Mueller,

Jan. 10, 1941 at the Roosevelt Hospital in New York,
first used sulfanilamide intraperitoneally.

Soon

after this Rippey ( 246), Dees ( 64) Rosenberg and Wall
{250) and Thompson, Brabson and Walker (282), all used
local sulfanilamide in intraperitoneal infections.
Since the first local application of sulfonamide
compound there have been thousands of lives and limbs
saved by this drug.

Yet before we may advance to in-

discriminate local use of sulfonamides in war wounds
we must settle the question as to the local toxic action
of sulfonamides on the tissues with which it comes in
contact.

b.

Tissue Reaction to Sulfonamides Locally
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The writers who still blame the sulfonamides for
local damage to tissue, poor healing, and intraperitoneal
adhesions are few, and their advice generally is disregarded.

They seem to be made up of three groups:

those who through poor preparation of the wound and
improper distribution of the chemical locally get poor
results, those who have had insufficient experience
with the different compounds 't o authoritatively voice
an opinion, and those who misinterpret the results.
It seems to me that nothing can be more illogical than
to blame the sulfonamides for intraperitoneal adhesions
after peritonitis when peritonitis itself, in the few
cases that live untreated, causes adhesions without
sulfonamides.
Of those who cite local toxic action of sulfonamides
(94, 17, 78, 118, 275, 292, 279, 21, 33) Glynn (94)
has shown a slight but definite toxic effect on striped
muscle in rabbits.

Beecham and Friday (17) found a

slight foreign body reaction in fatty tissue and slight
necrosis but decrease in intraperitoneal adhesions after
intraperitoneal use in animals with experimental peritonitis.

Sutton (275) cites one case of "unusual

tissue response to sulfathiazole" in which abd aninal
adhesions and actual intestinal obstruction resulted
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from excessive production of collagenous connective
tissue after sulfathiazole application.

The case was

a perforated gangrenous appendix and how the author
knows the adhesions were caused by the sulfathiazole
and not by the peritonitis is not evident from the
paper.

Veal and Klepser (292) believe large amounts

of sulfanilamide may slightly inhibit healing.
Unfortunately some of the early work was done
with sulfapyridine which has a very low solubility
and does set up a slight local tissue reaction, and is
soon walled off by granulation tissue. (313, 283)
Fleming (78) also working mostly with sulfapyridine
concluded from his experiments "local application of
sulfonamides appears quite irrational, quite apart
from their almost complete la.ck of action in pus •11
He suggested high oral dosage for treatment of infected
wounds.

Howking (118) found large lumps of sulfan-

ilamide were poorly absorbed, but when finely distributed, absorption was satisfactory.
Welch and associates (305) in a survey for the
Food and Drug Administration found many existing sulfonamide powders on the market containing viable
organisms.

Clostridium welchii was never found but

its absence could not be guaranteed.

The Food and
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Drug Administration has now requested all manufacturers
to sterilize their product before it is put on the ma~ket.
These authors believe that local implantation of large
amounts of sulfonamides causes some tissue dibilitation
and may help tetanus develop.
Key

and Frankel (151, 149) concluded from their

work with a few cases receiving large amounts of sulfanilamide drugs in wounds that "they slightly inhibit
early healing of a wound but do not unduly prolong
healing~

They attribute the early inhibition to too

large quantities of drug in the wound, interfering with
clot formation.

They say the chemicals are well tol-

erated in the pleura, peritoneum and in joints.

The

apparent early inhibition of healing noted by Key and
Frankel (151), and mentioned by Key and Burford (150),
must be less actual than apparent; for Taffel and Harvey
(277, 276), as well as Harbeson and Key (113), found
that local implantation of moderate amounts of sulfanilamide did not result in deficient healing as determined
by tensile strength of the wound in different stages.
Many others have found no interference with healing.
(96, 184, 313, 144, 185)

For every one worker who has found any trace of
local toxic action after sulfonamides there are many who
find no evidence of tissue damage or adhesion production.
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For instance the following is a list of a few authors
who find no peritoneal reaction, or minimal peritoneal
reaction, and no adhesions after intraperitoneal use
of sulfonamides (This is excluding,of course, sulfapyridine which should never be applied to the peritoneum for r easons already discussed. ) :

Mueller (203),

Hawking (117), Spink (270), Rosenburg and Wall (250),
Laufman and Wilson (159), Mueller and Thompson (201),
Harbison and Key (113), Key and Burford (160), Bisgard
and Baker {23), Beecham and Friday (17), Nitti (217),
Wilson (313), Throckmorton {283), and Hudson (136).
The most accepted and most logical view apparently
coincides with the opinion of Kaye and Ennis (144)
who in January 1943 make the following statement.
11

Sulfonamides are very effective bacteriostatic a gents

and when applied to tissues cause no apparent damage
to the cells and do not alter the normal course of
repair of either soft tissues or bone; as a matter of
fact, they aid repair by preventing infection."

c.

Rationale of Local Chemotherapy

The rationale of the local implantation is the
need of high concentrations of the bacteriostatic
chemicals locally at the actual site of infection.
Sulfanilamide, for example, is about lt soluble, and
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thus, locally the tissue concentration would be one
hundred times that of the concentration following
oral administration and blood dissemination.

This

high concentration makes it toxic to practically all
bacteria.

Apparently, this high local concentration

does not result in tissue damage and King {153) has
sho?m that a tissue concentration of 100 mg .

%or

more

does not decrease leukocytosis, but in fact, slightly
increases it.

Reed and Orr {244) have confirmed this

work with guinae pigs and· mice , using all 5 of the commonly used fulfonamides .

Reed and associates (243)

have also shown in tissue culture that guinae pig
fibroblasts grow normally in serum containing 100 gm. ~
sulfathiazole.

Higher concentrations inhibit fibroblast

growth but apparently had no destructive effect for
when a gain diluted wi th normal serum the fibroblasts
grew normally.

Chandler and Janeway (46) found that

in concentrations of 1:10,000 sulfanilamide had no
effect on phagocytosis but that in solutions of 1:40,000
to 1:80,000 it markedly increases phagocytosis of hemolytic streptococci.

Similarly Tunnicliff (289 )

found that sulfapyridine in dilutions of 1:1,000 to
1:1,000,000 increased phagocytosis of greening streptococci and non-encapsulated pneumococci.

This action

she attributed to a stimulation of the leukocytes
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and not to the opsonic action of the sulfapyridine.
The therapeutic effect of the sulfonamides is
based not upon any bactericidal effect, but rather upon
some bacteriostatic effect the drug exhibits as a result of its interference with the metabolism of the
pathological organisms.

For this reason it is not

toxic in high concentrations to living tissue cells.
Hawking (117) has contributed much to our knowledge
of local tissue concentration and absorption rates
· of various sulfonamides.

His results indicate that

sulfanilamide and sulfathiazole will travel quickly
from one part of a cavity to another and will diffuse
slowly through dead tissue, but its local penetration
into tissue with an active circulation does not extend more than 2-3 mm.

He found in guinae pigs that

sulfanilamide is absorbed from the tissues locally in
24 hours, sulfathiazole in 5-6 days and sulfapy:r,idine
in 7-10 days.

The maximum local tissue concentrations

were 1500 mg . t , 104 mg . ~ and 42 mg.% respectively.
Sulfanilamide
Sulfathiazole
Sulfa pyridine

Absorbed
~4 hrs.
5--6 days
7-10 days

Tissue Concentration

I500 mg.%
104 mg . 1.
42 mg . %

From this it becomes apparent sulfathiazole is
the drug of choice when delay of absorption is desired
and when an effective local tissue concentration is
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to be maintained for several days b y one application
of the drug. (117, 313, 9)

d. Bacteriological Evaluation and Advised Dosages
Spink (270, Hawking (117), and Bailey (12) advise
the following dru g s in case of infection by the organisms as listed.
1.
2.
3.
4.

Hemolytic streptococcus -- sulfanilamide
sulfathiazo1e · 1r mixed infection
Staphylococcus -- sulfathiazole
B. coli, pyocyanius -- sulfanilamide or
sulfathiaz·ole
Anaerobic infections
Clostri dium welchii -- su lfanilamide
Clostridium oedematieus -- none of much
value (117, 272a)
Clostri dium septique -- sulfathiazole (207)

As outlined by the Council on Pharmacy and Chemistry (320) sulfanilamide is also of value in infections
with Proteus vu l garis, pneumococcus, Friedlander's
bacillus and of slight if any value against the t yphoidparat yphoid group .
Levaditi (164), has worked out the bacteriology
of war wounds and found most contained several organisms .

He studied 317 wounds and of these:
19%' had 1 species
32 %' had 3 species
19 t had 4 species
23 %' had 5-6 species
7 %were sterile
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Of these organisms the staphylococcus was most
common, and their organisms included Freidlander's
bacillus, Clostridium welchii, streptococci, colon
group and B. pyocyaneus.

Thus it may be seen that in

most war wounds a polyvalent sulfonamide will usually
be of most value for local application.

According

to Colebrook (52) the hemolytic streptococcus is responsible for 70% of all _deaths from wounds and so
advocates sulfanilamide because of its rather marked
value against this group of organisms.

Rose and Fox

(249) and others (174, 284, 162, 13, 173) have shown,
however, that both sulfathiazole and sulfadizine have
greater bacteriostatic power against hemolytic streptococci and at the same time exert strong bacteriostasis

upon other organisms.

These chemicals will probably,

therefore, replace sulfanilamide in treatment of wounds
and sulfathiazole has already replaced sulfanilamide
to a large extent in -the United States.

Recently (1943)

Andrus et. al. have disclosed that_ the effectiveness
of sulfanilamide can be increased b y adjusting the
pH to a slightly alkaline reaction and this they
believe makes sulfanilamide the most desirable compound
because of its high solubility, lf,.

This is the basis

of the use of sulfanilamide rather than sulfadiazine or
sulfathiazole in their new plastic membranes used for
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burns and in which sulfanilamide is combined with a

buffer to maintain a pH on t he alkaline side.

c. The Sulfa Compounds

The sulfonamides used locally in the United States
are only four; one of which has been generally discarded.

These are sulfanilamide, sulfathiazole, sulfa-

diazine and occasionally, though rarely, sulfapyridine.
The sodium salts of each are available, but their use
is generally restricted to parenteral administration.
The British have the same compounds, but have so
many synonyms for these in their literature that they
will be listed here with their several synonyms. (12)
1.

2.

3.

4.

s.

Sulfanilamide (para-aminobenzenesulfonamide)
-- Streptocide, sulfonamide P.
-- P. A. B.S., consulanyde, prontylin,
-- Ambesid, prontosil album (German)
Soluble sulfanilamide compound
disodium salt of sulfanilamide
-- M. and B. 137, solustreptasine
-- Ambesid solubl e and Streptoside
solution are sulfanilamide in organic
solvents
Sulfapyridine (2-sulfanilylaminopyridine)
Dage
nan,
M. and B. 693
a 1 so so d.ium sa lt
Sulfathiazole (p.-aminobenzenesulfonamidothiazole)
M. and B. 760
Sodium salt also available
Benzyl - sulfanilamide
proseptasene
B . and M. 125

J

55.

f. Local Sulfonamide Dosage and Application
Before a discussion of sulfonamide dosage,
locally, it is advantageous to speak of some of the
prerequisites of topical application to wounds.

Be-

fore any sulfonamide is applied to the edges there should
be performed a complete wound excision, adequate hemostasis must be secured; and if fracture is associated
with the wound involved it should be reduced.

No

amount of sulfonamide can supplant proper wound excision.
There is considerable argument as to the exact
dosage to be used in wounds and in the peritoneal
cavity.

The dosage will vary with the purpose of the

topical application.

In case of a possibly contamin-

ated · peritoneum the dose would be much less than in a
well developed peritonitis.

For intraperitoneal in-

fection Spink (270) used only 3-4 gms .

Mueller (201)

who was first to use intraperitoneal sulfonamide
says to use 175 mg . per kg . wt. of the patient.
Place 2/3 in peritoneal cavity and 1/3 in wound layers.
The total dose should not exceed 18 gm. and this quantity used only in cases of unusual severity.

He gives

as a simple rule:
1.
2.

In an average case, with drains, take st of
pounds of body weight to get grams of
sulfanilamide to be used.
In an average case without drains take 6%
of the body weight in pounds to get the

56.

number of grams of sulfanilamide.
Spink (270) gives as a rule that 1 mg.% blood
concentration will result from each gram sulfonamide
given intraperitoneally.

Hodgson (132) has arrived at

the same rule for local application into wounds.
For sulfonamide dosage into open wounds Spink
(270) and Kaye and Ennis {144) suggest 0.1 gm. sulfanilamide per square inch of wound surface.

King (152)

from his experience with the British at Dunkirk suggests
the dosage of 20 gms. used there as soon as hemostasis
is secured and wqund excision was done.

Moorehead

(196) cites no dosage but "filled wounds with sulfanil/

amide or sulfathiazolett after wound excision in his
Pearl Harbor experiences.

Sulfadiazine in experimental

animals has been reported by some to have

a toxic

local action in small quantities when dusted on wounds.
(214)
At Bardia and Tobruk the wounds were covered with
a fine dusting of half sulfanilamide and half sulfapyridine.
( 268)

This was supplemented with oral administration.

The B. E. F. used 5-20 gm. sulfani lamide, plus

supplementary oral sulfanilamide. (225)

Hawking (118)

and others states that all persons in Britain with open
wounds resulting from air raid or street accidents are
now being treated with 5 gm. sulfathiazole introduced
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into the wounded tissue.

That local application may

result in a hi gh blood level if distributed over a
large area is shown by the report of a 50 mg.o/o blood
concentration after dusting sulfanilamide to a large
burned area. {99)

Mitchell and associates (193)

report the use of 15 gm. sulfanilamide in wounds
and -f'I"'
supplemental oral dosage Of1.5 gm. 1/ day.
In relation to the time interval after wounding
Reed and Orr {239, 240) have experimentally produced
gas gangrene in wounds in animals and treat these
prophylactically and therapeutically with sulfonamides.

They found that for best results the chemical

should be applied at the same time as the organisms.
If sulfanilamide was placed in the wounds after an
interval of one hour from infection, results were poor,
while three to four hours could elapse before sulfathiazole application without decreasing the efficiency
of the drug.

Rosenberg and Wall (250) report similar

findings with streptocoae peritoneal infections in
rats.

Sulfanilamide was most effective when administer-

ed intraperitoneally before or at the time of organism introduction and of much less value after four hours.
Ryan and associates (255) used 5-25 gm. sulfadiazine intraperitoneally in six operative cases with
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possible peritoneal soiling.

Results were good, and

sulfadiazine was readily absorbed, reaching a peak
at 12-16 hours.

This is slower than oral administration;

for by that route the peak is reached at 3-6 hours.
(256)

10 gm. maintained an effective level for 48

hours, 20 gm. for 84 hours, and 25 gm. for 96 hours.
There were no toxic manifestations or complications.
Sulfadiazine is apparently absorbed slower and retained in circulation longer after intraperitoneal implantation; for others have found the peak of absorption of
sulfanilamide is reached at four hours.

g.

(146, '138)

Mode of Local Application

The usual method of application of sulfonamides
has been to dust the powder out of a 15 gm. packet.
This is not satisfactory, however, for as King (152)
states, it is important to reach every possible corner
of the wound.

He used a Volkman spoon at Dunkirk,

since he had no better available method.

He also helped

insure adequate dispersal by holding half tablets of
sulfanilamide in the jaws of hemostats and crushing
them in the deep portions of the wounds.

From their

experience in the Middle East the Australians have
advised against the use of crushed tablets in wounds
for these contain an excipient which probably makes
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them less efficient . locally and may even act to cause
a foreign body reaction.

(110)

Colebrook (51, 54} and others have designed various
types of blowers to spread the powder, but probably an
intelligently-directed atomizer is adequate.

Matthews

(184) states in his discussion of air raid casualties
that the greatest lesson learned there is the generous
spraying of wound surfaces with sulfonamides.

They

often exceeded the so-called maximum of 15 gm. with no
toxic symptoms.
Mayo and Miller (186) have used sulfanilamide

gauze packs with good results.

They heat normal saline

to boiling and add sulfanilamide to make a saturated
solution;

o.st

is the limit of solubility.

They favor

preliminary irrigation with hydrogen peroxide, followed
by sulfonamide irrigation.
Under battle conditions making wound excision
impossible, Hawking suggests an 8% suspension of
mtcrocrystals of sulfathiazole be instilled into the
depths of wounds, and the wound covered with an
occlusive dressing (120).

The sulfonamides have also

been used in sticks like chalk and as emulsions squeezed
from a tube (140) but the powdering of the wounds seems
to be the method of choice.
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h.

Sulfonamides in Combination with Other Compounds

Goldberger (96) believes the local application of
sulfonamides clinically is made more valuable if oxidizing a gents are applied simultaneously.

He attrib- -

utes this to greater production of hydrogen peroxide
due to presence of hi gh oxygen concentrations in the
wounds.
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h.

Conclusions from t h e literature on local sulfonamide
application:
1.

Sulfanilamide and sulfathiazole produce no
deleterious, local tissue reaction in wounds,
or the peritoneal cavity and are never specifically the cause of adhesions.

2.

Sulfapyridine should not be used intraperitoneally.

3.

Sulfonamides are not self-sterilizing and probably should be sterilized before local implantation.

4.

Local concentrations of sulfanilamide may reach
as high as 1500 mg.tin wounds after local
implantations without damage to living cells
of the wound .

5.

After local implantation sulfanilamide is absorbed in 24 hours 1 sulfathiazole in 5-6
days, and sulfapyr1dine
in 7-10-20 days.

6.

In suppurative areas where much tissue debris

7.

If placed in wounds early after injury sulfonamides prevent the development of gas gangrene.

8.

From 5-20 gm. sulfanilamide, sulfathiazole,
or sulfadiazine may be placed intraperitoneally
without local or toxic action. Blood concentration will be about 1 ~-% for every gm. ·
sulfonamide placed intraperitoneally.

9.

The sulfonamides should be placed in wounds
within 4-8 hours for optimal results. To
be effective a wound excision should be done,
bleeding stopped, and the sulfonamide dusted
lightly or sprayed into all parts of the wound.
From 5-25 gm. may be placed in the wound.

10.

and necrosis is present the sulfonamides are
inhibited b y para-aminobenzoic acid and related compounds present.

Oral administration of sulfonamides may be an
important adjuvant to local therapy in the
first 4-10 days after injury.
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3.

General Use of Sulfonamides
a. Oral (prophylactic)
{1) Prophylactic
The oral administration of sulfonamides has two

important values.

It is prophylactic or therapeutic.

The prophylactic aspect of sulfonamide therapy
is becoming increasingly more important in war _wounds,
and rightly so.

St. J. D. Buxton {40) states he be-

lieves oral sulfonamides play an important part in wound
infection prophylaxis but is of only minor importance
once a wound becomes infected.

Buttle (38} from exper-

ience in the British Army finds that for prophylaxis
the best method is to give 1.5 gm. in hot 1% citric
acid solution.

After this, give 0.5 gm . in two hours,

and then 0.5 gm. every four hours for 4-10 days.

This

is identical with the regime advocated by Fuller and
James.{87)
Heyl (127) discusses oral administration in wound
infection prophylaxis and states that the concentration
in joints has been found to be about the same as the
blood concentration.
Prophylaxis is of especial importance in gas
gangrene infections and the dosage for this as advocated
by the Office of the Surgeon General is 6 gm. sulfanilamide and then one gram every four hours for 7 days, all
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this in addition to the local application of the drug.
(317)

(1)

Therapeutic

The oral therapeutic value of the sulfonamides
have been repeatedly shown.

The dosage in mild infec-

tions as outlined by Kaye and Ennis (144) in 4.0 gm . and
1 gm. every 4 hours until temperature has been down at
least 48 hours, and then change to every 6 hours.
Such a regime is expected to maintain a blood concentration of 5-10 mg . tin 170-180 lb. man with a rapid
rise to the upper limit in the first few days and then
reduction to the lower level as the temperature goes
down and the administration is changed to every 6
hours.

This is approximately½ grain /lb. wt./24 hrs • .

and is about that advocated by Spink.
For severe infections with massive cellulitis
and especially with advanced streptococcal infections
the dose advocated by Spink is fro m 0.7 to l.O grain/lb .
body wt ./24 hrs. for~cute phase.

This is sli ghtly

higher than that advocated by t he Office of the Surgeon
General.

(3)

Recommended dosages

At the request of the Surgeon· General of the
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United States the National Research Council appointed
a committee on Chemotherapy and Other Agents to summarize the present status of chemotherapy with a view
to its application in the treatment of military personnel.

such a summary was made and wa s issued in 1942

by the Office of the Surgeon General. (317)
A brief outline of its salient recommendations
15

ape

here included.
1. Hemolytic Streptococcal Infections
a. Mi ld infection
(1) Sulfadiazine is drug of choice
(2) Dose -- 4.0 gm . and 1 gm. every 4 hours
until temperature has been normal for
5 days.
(3) Blood concentration -- 5-10 gm.~
b. Otitis Media
(1) Sulfadiazine -- first choice,
(2) Dose -- as (a) above, but continued in
doses of 0.5 gm. q.i.d. for lo days
after a clinical cure has been effected.
c. Severe infection
(1) Sulfadiazine, second choice sulfanilamide
(2) Dose-- 4 .0 gm., then 1 gm. every 4 hours
until temperature has been down for
7 davs.
(3) Intravenous -- May give sodium salt O.l gm./
kg. wt. and then 0.05 gm./kg . every 12
hours. Change to oral administration
as soon as possible.
(4) Blood concentration -- 15 mg.%
2.

Gas Bacillus Infection
a. Prophylaxis
(1) Sulfanilamide at present is the drug of
choice
(2) Dose -- 6 gm . then 1 gm. every 4 hours
for 7 days.
(3) Local sulfanilamide -- O.l gm./in~ of
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wound but not over 10 gm./person
(4) Serum therapy -- 11,000 units polyvalent
gas gangrene antitoxin if use is indicated in opinion of medical officer.
b. Treatment
(1) Sulfathiazole -- at present drug of choice
(2) Dose -- 6.0 gms. then 1.0 gms. every 4 hrs.
_
until temperature is normal for 48 hours.
Then 0.5 gm. every 4 hours until convalescence completely established.
(3) Local -- sulfathiazole or sulfanilamide over
wound O.l gm./sq. in. but not over 10 gm./
person in any 24 hour period.
Zinc peroxide paste may be used locally
if all grossly infected tissue appears
to have been removed.
(4) Serum -- 20,000, to 40,000 (polyvalent)
units intravenously if indicated in the
opinion of the medical officer. This
may be repeated in 12-24 hours, and may
be supplemented by intramuscular injections.
3.

Staphylococcic infections
a. Localized boils and carbuncles
(1) Small furuncles -- Appl y hot dressings until
fluctuant then incise and drain.
Crystalling sulfathiazole may then be
applied locally to the incised area.
(2) Large boils and c.a rbuncles
.
Give sulfathiazole or sulfadiazine 4 gm.
and 1 gm. every 4 hours for 7 days.
Other treatment as of 3a (1)
b. Diffuse cellulitis, lymphangitis, and acute
osteomyelitis
(1) Immobilize and elevate continuously
(2) Apply warm, wet, saline dressing
(3) Give sulfathia.zole or sulfadiazine,
4 gm. and 1.5 gm. every 4 hours as long
as infection spreads and then 1.0 gm.
every 4 hours for 7 days.
c. Staphylococcic bacteremia
(1) Give sulfathiazole or su lfadiazine -- 4.0 gm.
and 1.5 gm. every 4 hours until temperature is normal for 48 hours. Then give
1.0 gm. every 4 hours for 14 days.
(2) Drain localized areas of suppuration
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d. Chronic staphylococcic suppuration (as chronic
osteomyelitis)
(l) Maintain d~ainage by packing with vaseline
gauze to the depths of the wound until
sequestration of necrotic bone and tissue
has occurred and wound is covered with
clean granulations.
(2) Oral administration and local application
of sulfathiazole or sulfadiazine are of
value.
4.

Peritonitis (secondary to appendicitis or bowel
perforation}
Sulfanilamide therapy is recommended as a
procedure supplementary to appropriate
surgical treatment.
a. Local treatment
4~0 to 8.0 gm. sulfanilamide should be
applied to peritoneum and abdominal wall
layers
b. Systemic treatment
Parenteral sulfanilamide -- 150 cc. 1%
solution s hould be given every 6 hours
by hypodermoclysis. Dose may be reduced
to 120 cc. every 6 hours later. Oral
l.O gm . every 4 hours as soon as possible.
If no local application initial hypodermoclysis should be 400 cc.

Of the four common sulfa compounds used orally in
the United States (also Philippines)(l08) sulfathiazole
has been the one most commonly used recently, but
there is a definite tendency noted in the literature
for the use of su lfadiazine instead of sulfathiazole
here.

Its advantage is that it is equally as effective

as sulfath iazole but less toxic in high concentrations.
The English seem to be behind us in this; for only
recently have the y substituted sulfathiazole for their
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favorite sulfapyridine.

Similarly, the Australians in

the Middle East seem to adhere to the earlier drugs;
for in a publication as recent as October, 1942, sulfapyridine was revealed as the drug most used. (248)
Sulfamethylthiazole has been developed but was immediately discarded because of neurological complications
resulting from its use.
Recently sulfamethyldiazine has been developed and
with it high blood levels are maintained on small dosages.

There are some indications that this compound

may be nephrotoxic in some manner not associated with
its solubility and it is still under experimental trial.
(98, 204, 141)
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Manifestations of Drug Toxicity -- (317}

:Sulfanilamide

..

...

.

..
:Sulfapyridine
...
.. Frequent
..: Common
0.3%

: 1. Nausea , vomiting : Common
. Common
2. Dizziness
.. 0.6%
3. Psychoses-:~
.. Rare
4. Neuritis•:H}
..
: 5. Cyanosis
.. Common
: 6. Acidosis-:} ·
9%'
..
.. 1.
: 7. Fever•:}
10%
.
8. Rash-::1.9%
:
.:
: 9. Hepatitis-::--:}
.. 0.6%
:10. Leukopenia-:}
. o.3t
.
: 11. Hemolytic Anemia-:H}:
1.8%
: 12. Hema tura-:~
. Not Reported:
: 13. Anu:ria-:H}
: Not Reported :

.

.
.

.
..

..

..

*

.
.

...
.

Best to stop drug and force fluids

Rare
Common
None
4%

2%

Rare
o.6'lt
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o.3%
0

-:H:- Imperative to stop drug and force fluids

..
...:Sulfathiazole

...
.....
..
.

...
...
.
..
...
..

Uncommon
Uncommon
Rare
Rare
Uncommon
None
10%

5%

Rare

l.6~

Rare

2.5%'

0.7%

..
..
:Sulfadiazene ' :
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b. Subcutaneous sulfonamides
Often it is impossible to administer sulfonamides
orally because of vomiting and it becomes necessary to
find another route.

There was· much prejudice against

sufcutaneous administration of sulfonamides, but this
has been recently dispelled by the mere expedient of
trying it.
Some adva,..ntages of the subcutaneous route are:
1.
2.
3.
4.
5.

May force absorption in spite of vomiting
Fluid balance maintained
4-10 gm~ blood level reached in few hours
and maintained satisfactorily
NaCl requirement given simultaneously
No need to find satisfactory veins as for
intravenous route.

Azosulfamide, prontosil soluble or neoprontosil
was one of the first used subcutaneously. (308)

Ab-

sorption is somewhat more rapid but otherwise there
seems to be no difference from the results obtained
from t he oral method .
Sulfanilamide is about lt soluble in water and may
be used subcutaneously in this concentration. (144)
Lockwood uses

o.st

in saline.

The Council on Pharmacy

and Chemistry of the American Medical Associa tion (320)
advises a l t solution in saline, or better still, in
1/6 molar racemic sodium lactate solution.

The same

dosage is employed as for oral administration.

In-

70.

jection may be as frequent as every 4 hours or contin-

I

uous.

Sulfathiazole, sulfapyridine and sulfadiazine are
too insoluble to be useful in solution but their
sodium salts are quite soluble and have been used subcutaneously.

In solutions as strong as 10% the pH of

sodium sulfathiazole is about 10 to 11 according to
Fletcher .( 81)

In 5( solution,however, the pH of sodium

sulfathiazole and sodium sulfadiazine is about

9.o,

while Fox (84) finds 1% sodium sulfadiazine has only
a pH of 8. 6 .

In equimolar solutions sodium sulfapyridine is
most caustic to tissue, sodium sulfathiazole next, and
sodium sulfadiazine least. (84}

In small concentrations

all may be used without tissue damage .

Sodium sulfa-

pyridine has been used by Taplan {278) who used 3-7

gm/

liter solution and administered this every 24-36 hours .
A blood concentration of 5-10 mg . %was secured .

Such

a solution had a pH of 10.5 but after giving 1100 gm .
by this met h od he had no reactions.

In concentrations

above 7 gm./liter necrosis was noted.
Sodium sulfadiazine has been used without tissue
reactions (213, 84) subcutaneously, as has 0.5% aqueous
sodium sulfathiazole. {48)
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c. Intravenous Sulfonamides
The intravenous route is an emergency route and
is of value in rapidly attacking a well developed or
fast - developing sepsis.

The sodium salts have a high

solubility and may be administered in large quantities
but in small volume if necessary.

It is necessary to

repeat the intravenous injections every 4-6 hours because the blood level drops below effective levels
usually in 8-12 hours. (306)
The compounds because of their alkalinity are
somewhat sclerosing to blood vessels locally and may
be painful if outside the vein.

Inside in the blood,

however , the solution is soon effectively buffered by
the proteins of the plasma.(84) In fact, some have
suggested medicating plasma with sulfonamides both as
a preservative (219} and as a therapeutic agent (16)
in military medicine.
There is probably little difference in the three
sodium salts available for intravenous use with the exception that sodium sulfadiazine is excreted somewhat
more slowly than the others; so the blood level may
often reach levels above the expected levels.

d. Intramuscular
The sodium sa~ts, especially of sulrathiazole

,
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and sulfadiazine may be given intramuscularly.

They

may be given in solutions of various concentration,
but to limit total volume of injection a 33 1/3%
solution is usually used.

Some may use a larger volume

of 2½% solution with the idea that there is in that
way less local reaction to the chemical. (319)

e.

Intraperitoneal

The intraperitoneal application of sulfonamides
is confined for the most part to local implantation
after surgery when the field is potentially contaminated, or in the case of abdominal war injury causing
the contamination of the peritoneal cavity.

Consider-

able controversy still exists as to whether the sulfonamides actually c~use adhesions.

The weight of opinion

seems to be with the advocates of intraperitoneal
implantation.

Microcrystals have been made for local

application and are supposed to diffuse to all parts
easily and not to clum~ thus causing less tissue reaction. (45)

r.

These are yet only experimental.

Rectal

This route of administration has been attempted
to make nausea a minor factor.

Whittemore (306) has

devised an enema made up of 6 gm . sulfapyridine to 1 gm.
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sodium bicarbonate in 3 oz. water .

This is non-irritat-

ing to the rectum and usually well retained .

The blood

level rises slowly by this mode of administration and
about three times the usual oral dose is needed to
secure the desired blood levels. (306)

In more dilute

solution sulfanilamide is absorbed more efficiently and
Turell et . al. (290) obtained blood levels comparable
to that of the same dosage by the oral route when they
used a 1~ solution of sulfanilamide .

4.

Antiseptics!!! ~ d s
a. Flavine Group (Acridine Dyes)
There seems to be some confusion about the nomen-

clature and composition of different "flavines" and
these should first be made clear.

Acriflavine, origin-

ally known as tryptoflavine, is a .mixture in varying
proportions .of 2:8-diaminoacrodine hydrochloride and
its methochloride, together with traces of other substances which increase its solubility.

Euflavine, or

neutral acriflavine, is a mixture of the two corresponding bases.

Proflavine is 2:8-diaminoacridine sulphate.

Rivanol is 2: 5- diamino-7-ethoxy-ac i--idine lactate.
These differ in physical properties, solubility, pH
of solution and stability in saline. (92)
The flavine group of antiseptics have been ex-

74.

tensively used by the British, especially in the last
war. (221, 116, 225) Garrod (92) investigated the value
of several antiseptics on wounds and concludes 0.1%
proflavine is the best antiseptic, as it causes the least.
damage to tissues and still maintains moderately effective bacteriostasis.

Mitchell and associates (194)

from experiences in the Libyan campaign of the winter
of 1941-42 conclude proflavine powder in grossly infected wounds is of value and far superior to acriflavine.
They also used it under plaster with good results.

Ex-

perimental results suggest it may be as effective as
sulfathiazole in prophylaxis and treatment of gas gangrene. (208)

Acriflavine in oil has been found to be

inert because of the oil.

The proper solvent for anti-

septics is water and should be isotonic with tissues.

b. Bipp and Zipp
These antiseptics are listed mostly to discredit
them and as of interest only historically; for a review
of the literature seems to indicate slight if any use
for them in modern therapy of war wounds.
Sir Charles Gordon-Watson (101) speaks of Morrison
who obtained good results with Bipp in well-advanced
infection in the war of 1914-1918.

It seemed to be of

value in late cases of infection which did not justify
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wound excision.

He believes failures were largely

due to incorrect technique, such as leaving large
quantities of Bipp in the wound.

Similarly, Willan

(310) believes that surgeons that are not satisfied
with the effect of Bipp are those who have tried to
improve upon the Morrison procedure.

According to the

Morrison procedure the outside of the wound was to be
washed with a solution of 1/20 phenol, the inside with
spirit vini rect only.

Bipp should be gritty to the

feel, and if it contains too much paraffin it will not
adhere to the wound surface.
Bismuth subnitrate
Iodoform
Liq. paraffin

The original formula was:
1 part
2 parts
1-3 parts

Morrison claimed the therapeutic effect of Bipp
was due to the liberation of nitrous oxide from the
bismuth subnitrate which acts upon the iodoform to
liberate a constant flow of iodine into the wounds .
Gurd (106) believes the method is of definite
value in treatment of war wounds because it decreases
pain, controls infection, stimulates the growth of healthy
tissue and only infrequent dressings are needed.

He

cites the 4 E 's as procedures to carry out before applying Bipp.

-T hese are enlargement, exploration, excision,

and extraction of fragments.
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Priestman (230) believes the paraffin base is
less successful than the following mixture:
Bismuth subgallate
Iodoform
Liq. glucose
Balsam of Peru

oz.
oz.
3¾ oz.
4
8

4 drams

From a theoretical basis Mc Murray (212) states
Bipp is an antiseptic and a protoplasmic poison, and
thus has no place in the treatment of fresh wounds .
Zipp is a compound which was devised by Connell
and Buchanan in 1933.

It is to be mixed to a "consist•

ency of clotted cream" and contains the following
ingredients:
Zinc oxide
Iodoform
Liq. paraffin

1 part
2 parts
2-3 parts

Connell (57) believes this is of advantage over Bipp
because iodoform poisoning never occurs and bismuth
poisoning cannot occur for no bismuth is present.
~then packed with this in t he wound the closed plaster
method is less odorous.

c. Dakin~ Solution and Related Antiseptics
(1). Chemistry of Dakin's Solution
Carrel-Dakins solution is a dilute hypochlorite
solution designed to liberate chlorine in the wound,
and thus act as an antiseptic.

It came into common

77.

usage during and after the war of 1914-1918.

It con-

sists of two solutions, one contains 20 gm. sodium
phosphate in 400 cc. water and the other 20 gm. chlorinated lime (calcium hypochlorite) in 400 cc. water .
These are mixed, filtered, and diluted to 1000 cc. with
water .

Such a solution contains 0.48% sodium hypo-

chlorite and will keep about one week.
In such dilute solutions sodium hypochlorite
interferes little with vital processes in the wound,
and helps dead tissue slough off.

Frequent irrigations

are essential,for in an infected wound Dakins solution
disintegrates rapidly and loses 75~ of its strength
in the first five minutes .

The procedure is probably

of most value in deep infected wounds on which true
debridement or enlargement has been done.

(2) Irrigation procedure
The- procedure associated with the application of
this method is time consuming, tedious and necessitates
much nursing care.

These disadvantages make it im-

practical in most cases in the mobile type of warfare
now in progress.

Lengths of rubber tubing (5/32 in.

in diameter) are forced into the bottom of the wounds
.and so placed as to reach all remote crevices.

The

tubes have late·ral eyelets and each must be syringed
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individually every 2 hours so all parts of the wound
are reached.

The tubes are held in place by vaseline

gauze packing and surrounding skin should be protected
from the solution.

(3) Advantages and disadvantages
In certain cases when time, equipment, and nursing care are available this method may be of definite
value.

We may list the following as indications for

Carrel-Dakin irrigation.
1.
2.
3.
4.

When wound excision is imperfect and free
drainage and irriation may help control
sepsis.
\II/hen it is certain there will be unavoidable
wound pockets
Whe n it is known dead tissue will have to
separate
As a preparation for secondary suture. (177,
39)

Among the disadvantages of Carrel-Dakin method
in war injury treatment may be listed .&:#"t he following:
1.
2.
3.
4.
5.
6.

Skin irritation from the solution
Severe transportation problem
Nursing care problem
Chronicity of treatment
Does not give tissue support or immobilization
Patient must be bedfast (144)

The Spanish surgeons have no use for the method
and Jolly (143) states that Carrel-Dakin irrigation
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was never used in any foreward hospital i~ the Spanish
Republican Army, although through the war hundreds
of "Carrel-Dakin tubes, relics of the last war, were
carried in the auto-chirs~ or ambulances.

He believes

plaster immobilization has replaced the antiseptic
irrigation method of treatment .

(4)

Evaluation

I believe the implication of these authors is
well founded, that is, that although the method has
some merit in selected cases, recent methods are so
much more effective and so much better adapted to the
conditions of warfare that the Carrel Dakin method has
become one of the past.

It is now generally accepted

that it is the preliminary treatment,· debridement or
excision, which precedes the use of the solution and
the leaving of the wound open that is of value rather
than the actual solution itself.

(5)

(9, 177)

Related Compounds

Other compounds of the chlorine-liberating type
include Eusol and chlo~amine.

Eu.sol contains 12.5

gm . bleaching powder and 12.5 gm. boric acid per liter
of water.

This contains the equivalent of o.27thypo-
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chlorous acid.

It is to be used like Dakins solution.

It has been claimed by Francis (8n) that Eusol renders
the sulfonamides inert.

Eusol was used effectively

by the Australians in the Middle East in wounds infected with Proteus. (248)
Chloramine or chloramine Tis sodium paratoluene
sulphochloramide.

It gives up chlorine when it comes

in contact with organic material .

It may be kept in

2( stock solution and is used in 0.2, o.5, 1.0% solution
for irrigation.

This solution can only be used for a

few days for tissues become water-logged .
Azochloramide has been used by some in infected
wounds and these found it had no advantages over CarrelDakin solution and was just as irritating to the skin.
Recently (1943) it has been disclosed that

(112)

azochloramide may inactivate inhibitors of t he action
of sulfonamide compounds a nd so may be of value if
used topically in conjunction with sulfonamides.

d.

(s, · 257)

Peroxides - oxidizing agents

The use of zinc peroxide for the treatment of
grossly infected wounds has recently
advocates.

found ardent

When properly prepared and frequently

applied it has been found effective in combating wound
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infection, especially of the deep anaerobic type.
Experimental work has indicated zinc peroxide is effective against Clostridium welchii but to a lesser
extent than sulfathiazole (242) and sulfapyridine.
(241)

One practical disadvantage to this method is

that after releasing nascent oxygen the zinc remains
as inert zinc oxide in the wound and may set up a
foreign body reaction.

Some find zinc peroxide of no

value in Clostridium welchii infections. (208}
Hydrogen peroxide has been used also as an
irrigation solution and a technique similar to CarrelDakin method may be used.
Urea and urea compounds have been used in the
treatment of grossly infected wounds since it was found
soon that maggots were useful in infected wounds.
The maggot had its effect by the release of allantoin
which upon hydrolysis yielded urea in the wound.
The urea acts by dissolving necrotic tissue, helps
dead areas separate and promotes open drainage.
The Germans used a urea powder on wounds in the
Polish campaign.

Apparently the nature of the compound

is not a military secret for the

0

decadent democracies"

are told of its composition in an article by LangeSundermann. (157}

The compound is known as Provocin

and consists of urea, lactose and urea peroxide with
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a stabilizer added to prevent the premature splitting
of urea peroxide to release free oxygen in the wound .
Recently it has been reported that urea may neutralize the inhibiting effect of para-aminobenzoic acid
upon sulfonamides locally in tissue. (281)

e.

Miscellaneous W9und Antiseptics

Several antiseptics have been devised to act by
virtue of their osmotic pressure effect.

A saturated

solution of sodium sulphate has been applied · to cotton
wool packed deep into all parts of infected wounds .
(178, 179)
Jolution.

The cotton is repeatedly soaked with the
The osmotic effect of the chemical is said

to draw plasma to t he area and facilitate drainage .
This method has been modified by Ce llan-Jones (43)
who uses 101 sodium sulphate in 1/1000 acriflavine .
Other antiseptics listed by the British as having
minimal local tissue toxicity are Dettol, Izal and Cyllin
which are coal tar derivatives.
ated c res o l.

( 9'2 , 12 )

Dettol is a halogen-
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5.

Microbiotic Agents _!E Chemotherapy
a. Gramicidin
The growth of one microorganism may inhibit the

growth of another and some ma y be much more bactericidal than the sulfanilamide compounds.

Dubois {71}

and associates in 1939 described the isolation from the
soil organism B. bre·v is a product of high bactericidal activity against gram positive organisms.

This

seemed to be inert against gram negative organisms.
Hoogerheide (134) also isolated this product at about
the same time and called it "Gramicidin~
The original compound has since been found to be
made up of two portions and Gramicidin has come to
represent only one of these., the acetone solub_le
fraction.

The mother compound is now known as "Tyro-

thrycin" and has been found to be made up of two
fractions, one water soluble and known as "Tyrocidin".,
and an acetone soluble fraction now known as

11

Gramicidin."

Both fractions are polypeptides composed of amino
acids in dextrorotatory and levorotatory forms. (165)
Gramicidin makes up 15-20( of the original compound
and at least in vivo experiments retains a striking
activit y against Gram positive organisms.

As little

as 0.002 mg. of the substance intraperitoneally has
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been found to protect a mouse from the pneumococcus.
(72)

It does not act by direct poisoning of bacteria

but apparently against their metabolism in some way.
{73)
Tyrocidin is effective against gram negative
organisms but Gramicidin is much more potent than this
compound. (135)

Since the two fractions are difficult

to separate the y are usually used together as the mother
compound Tyrothricin.

This product is a potent hemo-

lytic agent because of the activity of the Tyrocidin
it contains and so it is advised that it be used locally only, {234, 121, 211)

Orally the compound caused no

toxic symptoms in mice (236) but when applied intraperitoneally and subcutaneously sterile abscesses and
toxic signs appeared. (237)

In vitro it has been found

to have no effect on phagocytosis, (42)
Thyrothricin has been us~d effectively in bovine
mastitis (166), and now has been used successfully in
local treatment of infected ulcers, osteomyelitis,
abscess, cystitis, pneumococcii empyema and suppurating
wounds .(235 , 12B, 150, 236, 124)

It was found espec-

ially effective in superficial ulcers caused by hemolytic streptococcus, staphylococcus aureus and streptococcus fecalis, but seemed to have no effect against
B. coli. (237)
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b. Penicillin
Fleming in 1929 (77) first noted that a mold,
penicillium, secreted some substance bacteriostatic to
staphylococci on ordinary culture media.

He found it

had selective antibacterial activity against pyogenic
cocci, pneumococci, streptococci and the diphtheria
group.

Fleming suggested that the product might be of

therapeutic value but yields to date have been very
small.

The final product is quite active and known as

Penicillin. (2)

Others have described ammonium and

sodium salts of the compouBd which have higher antibacterial potency than the parent sobstance. (191, 210)
Chemicall y the compound seems to be a polysubstituted
hydroaromatic ring structure. (133)
Herrel and associates have tested its antibacterial properties in the test tube and its lack of toxicity
for living tissues (122) and have used it intravenously
wit h good results in one case of staphylococcal septicemia (126)
Characteristics of Penicillin
1.
2.
3.
4.

Low toxicity, human given 170 mg. intravenously every day, 6 days (130)
Effective in 1:100,000 solution
Active against hemolytic streptococcus and
pneumococcus (62)
Effective in sulfonamide-resistant staphylococcus and streptococcus infections, also
Actinomyces bovis. (126)
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5.
6.
7.
8.
9.
10.

May be used locally, in eyes, ulcers
May act against sulfonamide resistant pneumococci (209)
Inactivated by acid in stomach (126)
May be applied locall y , subcutaneously, and
intravenously if pyrogen-free
Powerful prophylactic against Clostridium
welchii in mice (208)
Inactivated by dilute alkali, acids, heat,
alcohols and various heavy metals (3)

Mode of Action
l.
2.
3.
4.
5.

Activity not inhibited in pus
No action against B. coli (1)
Definitely antibacterial in spite of initial
concentration of organisms
Bactericidal rather than bacteriostatic (129)
Bacteria may apparentl y acquire some tolerance
for this compound (209)

c. Other microbiotio agents
A group of bacteriostatic and bactericidal
metabolites of strains of Actinomyces have been isolated but have such high toxicity as to make them
impractical at present. (305a)

These are known as

uActinomycin!t (295} and streptothricin (296).

Strep-

tothricin appears to be of value against Brucella
abortis. (190)
Other microbiotic products now under investigation,
but apparently of lesser potency than penicillin and
Gramicidin are Citrinin (232), Gliotoxin, (304, Aspergi llin (309), a protein hydrochloride isolated from
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unbleached wheat flour, (115), and Proactinomycin. (90)
Coli-bactragen is the name given to another
microbiotic but one which acts on a different principle.
It is a suspension of E. coli in gum tragacanth and
when injected intraperitoneally seems to protect the
peritoneum from peritonitis by attracting phagocytes
to the area. (272 )
None of the microbiotic agents are yet available for general therapeutic use, but as Moorehead (197)
has stated, the .future may find an important place for
them in war wounds .
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6.

Conclusions~~ Literature~ Chemotherapy
1.

Local sulfonamides are of major inportance in
the prophylaxis and therapy of wound infections. The drug of choice is probably sulfathiazole or a mixture of sulfathiazole and
,sulfani lamide.

2.

Sulfanilamide and sulfathiazole produce noundesirable local tissue reaction in wounds or
the peritoneal cavity, are never specifically
the cause of adhesions, and do not inhibit
healing when properly applied.

3.

Sulfonamides prevent the development of gas
gangrene if placed early at site of injury.

4.

The sulfonamides may be given intravenously,
subcutaneously, intramuscularly, intraperitoneally, and rectally; but should be given
orally when possible.

5.

The antiseptics probably have no place in the
treatment of contaminated wounds, and are
effective in infected wounds only to the extent they promote drainage.

6.

Of the antiseptics proflavine has been found to
be highly bacteriostatic but non-injurious to
tissues.

7.

The oxidizing agents, notably zinc peroxide,
may be of value in some deep anaerobic wound
infections.

8.

Carrel-Dakin solution and the nursing care it
entails in irrigation is not compatible with
mobile warfare and probably of very minor
value in any case.

9.

Inhibitors of sulfonamides are occasionally
found in necrotic tissue in suppurative
wounds . Recent work indicates several compounds such as oxidizing agents, urea, and
azochloramide may overcome this inhibition
of the sulfonamides if applied with the
the sulfonamide locally.
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10.

The microbiotic agents gramicidin and penicillin o/'e highly effective against many infect~us agents but are difficult and costly
to prepare at present.
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IV
COMPLICATIONS - WOUND INFECTIONS
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IV
1.

COMPLICATIONS - WOUND INFECTIONS

Gas Ga~grene
a. Etiology
Gas gangrene is caused by a number of anerobic

spore forming bacteria, the Clostridia.

The organisms

responsible in order of frequency are Clostridium welchii, Clostridium septique, Clostridium oedematiens,
Clostridium ~ovyii and occasionally others.

When there

is only one organism present it is likely to be
Clostridium welchii .
The mode of transmission of the disease was somewhat of a mystery until the last war '(1914-1918) when
the organisms were found to be common inhabitants of
the intestinal tract of many domestic animals in Europe,
especially the hol"•se and sheep.

The animal spread the

organism upon the soil in feces and the resistant
spores lay dormant in the soil until introduced into
human tissues by implements of war .
Recently information has been compiled that indicates the problem is not as simple as it first
appears; for the organisms may also be harbored in
woolen goods direct from the mills and the cleaning and
drying-resistant spores are subsequently introduced
into the tissues with woolen fragments of clothing. (181)
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Experiments with wool direct from the woolen mills seem
to confirm this.

The concept has had indirect sub-

stantiation by the observation that in the Italo-Ethiopian war where cotton only was worn, and also in the
battles about Shanghai, gas gangrene was unknown. (297)
This is in spite of the fact that the soil of the Yangtze
valley is heavily manured.

b. Diagnosis
In all deep wounds in which there is any chance
of anaerobic growth the possibility of gas gangrene
should be considered.

The outline to follow is one

compiled from a number of authors. (1.8 1, 202)
Physical Signs:
1.
2.
3.
4.
5.
6.
7.
8.
9.

Limb whi•te, tense, edematous, cool
Mousy odor or "rotten meat" odor
Khaki tinge to skin, bronzing
Foot and ankle often bluish with large blebs
on surface
Subcutaneous . crepetation
Pulse rises out of proportion to temperature
Malar flush, muddy pallor
Occasional slight jaundice
Thin, foul, serosanguinous discharge

Symptoms:
1.
2.
3.
4.

Pain continues variable time then stops;
the pulse continues to climb
False period of semi-euphoria
Vomiting begins
Delirium -- coma -- death
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c. Active Therapy
The therapy of gas gangrene resolves itself
into four types of therapy all of which may and should
be used together.

These are surgery, chemotherapy,

serotherapy, and X-ray.

(1)

Surgery

The surgica~ treatment involves deep,radical
incisions for drainage and removal of all infected or
necrotic muscle . (202)

In cases too toxic to do rad-

ical debridement cautery treatment may be of value. (4 ,
5)

Amputation may be necessary in fulminating cases

and should be done early.

After amputation the skin is

left open and the stump packed with flavine gauze (26)
or sulfonamide .

(2)

Secondary suture may be done later .

Serotherapy

Serotherapy after infection is established is of
debatable value . (202)

80- 10 cc. polyvalent serum should

be given /day, intravenously, preferrably in saline by
continuous drip .

The Surgeon General (1942) recommends

20,000-40,000 units of polyvalent sera be given in
established cases .
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(3)

X-ray

To the British, whom we must consult for recent
work on therapy of war wounds, the use of X~~a.z is
quite unfamiliar.

They reserve a commendable open-mind-

edness, however, as to its virtues.

This form of ther-

apy has its most ardent proponents and greatest authorities in Kellyann associates at Creighton Medical College here in, Omaha. (148, 147) Maes (181) states "from
the work of Kelly and others we must accept the fact
that X-ray lowers mortality."

Ham (111) and Godby (95)

of Australia report commendable results on a few cases
and Williams and Hartzel (311) of San Francisco cite
its definite value.

It seems the value of X-ray is

respected in the Upited States and the dominions but
as yet has few advocates in England.

Many have been

unable to get good results with X-ray. (59, 266)

(4)

Chemotherapy

From animal experiments it seems tha~ the sulfonamides are hi ghly effective if placed in the wound
relatively early before the infection is widespread.
The United States Office of the Surgeon General (317)
recommends 6 gm. sulfathiazole orally and then 1.0 gm.
every 4 hours until temperature is normal for 48 hours.
Then O.5 gm. every 4 hours until convalescence is
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complete.

Locally 0.1 gm. sulfanilamide or sulfa-

thiazole per square inch is recommended with the total
local dose not to exceed 10 gm .

Sulfathiazole seems

to be the drug of choice in therapy (317, 108, 144} while
sulfanilamide is suggested in prophylaxis.

d.

Prophylactic Treatment
(1) Surgery

The prophylaxis of gas gangrene is also of four
types, surgery, chemotherapy, serotherapy, and X-ray.
The basis of all prophylaxis is adequate wound excision,
and none of these is effective alone if this is deficient.

The surgical prophylaxis is along lines des-

cribed in the section on wound excision and involves
radical removal of all dead and potentially infected
I

tissue.

(2)

Serotherapy

Some form of serotherap_;t: is usually administered
prophylactically and the dose advised by the British
Medical Research Council is 300 I.U.

Cl. welchii,

1500 Cl. septigue, 1000 Cl. oedematiens, to be given
intravenouslr or intramuscularly immediately after
injury.

The Office of Surgeon General (1942) ad-
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vocates 11,000 units of polyvalent serum.

The Spanish

surgeons discarded prophylactic antigas serum because
,

1'!1"

it was valueless in 1 Spanish War. (229)

(3)

X-ray

X-ra~ probably has a minor part if any in prevention
of gas gangrene though it has a fe w advocates. (145)

(4)

Chemotherapy

It is probably chemotherapy, in the form of local
sulfonamide application, and to a lesser extent oral
sulfonamides, that is the most valuable adjunct to
wound excision in gangrene prophylaxis.

Sulfanilamide

is probably the most effective in prophylaxis. (117, 207)
The Surgeon General (1942) recommends 6 gm. sulfanilamide and 1 gm. every 4 hours for 7 days with local
sulfonamides in the wound.
The British forces in Africa received 2 gm .
sulfapyridine orally immediately after being wounded
and 1 gm. ever y 4 hours .

A mixture of sulfanilamide

and sulfapyridine was placed in the wound . (268)

(5)

Results

1.

In France 5 cases gangrene in 2,000 series (140)

·2.

Pearl Harbor - few cases, none fatal, all in
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wounds closed without adequate preparation (196)
3.

In Spain - gas gangrene was infrequent, cases
mild, and it was concluded the antigas sera
was valueless in prophylaxis

4.

In Libya - gas gangrene was almost unknown
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2.

Tetanus
a. Etiology
Tetanus is .c aused by the Clostridium tetani a

strictly anaerobic organism which is motile, gram positive and has a terminal spore which is __ very resistant
to heat and other physical agents.

It is present in

the intestinal tract of mammals, especially of cattle
and horses; and so the woi l fecally contaminated by
these herbivora is a potent inoculum into deep flesh
wounds in man where anaerobic conditions may be maintained.

b. Prophylactic Treatment
The prophylactic treatment is similar to that discussed for gas gangrene.

The methods of treatment

are surgery, chemotherapy and serotherapy with local
surgical treatment as the most · important factor in
prophylaxis.

It has been repeatedly shown in war wounds

that prophylactic serotherapy and immunization will not
be effective if large amounts of contaminated material
is introduced into deep wounds.
Surgical and chemotherapeutic prophylaxis is the
same as for gas gangrene which has been discussed.
Sulfathiazole is probably most effective locally. (27)
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Serotherapy and prophylactic immunization has been
shown to be quite effective against tetanus.

The British

soldiers are given tetanus inoculations on a voluntary
basis and over 90% submit to the injections.

They are

given two injections of formolized toxin l cc. 6 weeks
apart and a third injection after 6 months .
wound 3000

u.

After any

(T.A.T.) tetanus antitoxin is given and

if not previously immunized this is repeated every
week until the wound is healed; for they have found an
antitoxin level is maintained only 10-14 days in effective levels after T.A.T. injections.

(31)

The Greeks used the same regime before wounds were
inflicted, but after injury to a previously inoculated
soldier he was given 2 cc. tetanus toxoid instead of
antitoxin.

If the wounded soldier had not previously

been immunized he was given 1 cc. toxoid and 3000

u.

T.A.T. immediately, and then 2 cc. toxoid again at 2 and
at 4 weeks afterward, Bocchini (28).

c. Results of Prophylactic Treatment
The incidence of tetanus has been amazingly low
in this war.

Page (255) collected only 4 cases, (two

of them fatal) from literature concerning the B.E.F.
Boyd (31) cites 8 cases in the B. E.F. all in the noninoculated group.

In the Middle East after 2 years
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of war there were only 18 cases reported.

Five cases

(3 of them fatal) occurred in the immunized group. (31)
Ponseti (229) states there were only a few cases of
tetanus in the Spanish war among those receiving
antitoxin after wounding and all of these were mild.
The Poles were less fortunate when so-called
Aryan Culture was imposed upon them.

From information

concerning 33,027 Polish soldiers there were 217 cases
of tetanus or 66/10,000 as compared with 3.6/lo,ooo
cases in the opposing German Army in the same conflict.
62t of the Polish soldiers failed to receive prophylactic treatment, 181 are doubtful .

The remaining 20~

received antitoxin but often more than 24 hours after
injury. (307)

d.

Active Therapy

In cases in which tetanus has been allowed to
develop therapy has only slight effect upon mortality.
The proper treatment of tetanus is essentially prophylactic.

The therapy revolves about serotherapy and

chemotherapy with the former seemingly of most importance.
The Germans used intravenous serum therapy with
avertin and amylene hydrate for sedation, but report
60% mortality in a small number of cases.

In the B. E.F.
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the same regime was used with amylene hydrate or paraldehyde rectally. {140)

Their mortality was somewhere

near 50t and the mortality in the Middle East slightly
less.

The mortality was 53.5% in 217 cases reported

in Poland. (307)
Recently some evidence has accumulated that the
sulfonamides may have a limited value in the treatment
of tetanus . (93, 36)

Bryant and Fairman {36) treated

22 cases in the African Sudan vii th sulfapyridine and
had only five deaths.

Ghosal and Chaudhury {93) used

sulfapyridine with evipan-sodium as antispasraodic with
a mortality of only 25 % in 35 cases of severe tetanus.
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3.

Summar;y - Te_t_~__!1Us_

~ ~

Gan_grene

A summary of the recent literature leads one to
the following conclusions:
1.

The effective therapy of gas gangrene and
tetanus is prophylactic t herapy~

2.

Early wound excision, and to a lesser extent,
local chemotherapy, are the most important
factors in prophylaxis of Clostridial infections in wounds.

3.

Serotherapy is of minor importance in the
prophylax is of gas gangrene.

4.

Immunization with toxoid supplemented by T. A. T.
injections after injury has been highly
effective in decreasing the incidence of
tetanus in war wounds, especi a lly in those
receiving adequate, early local wound surgery.

5.

All therapy of active Clostridial infection is
unsatisfactory.
a . X-ray ma y be of slight value in gas gangrene.
b . Local and oral 9hemotherapy is of definite
value in gas gangrene and may be of
slight value in t etanus.
c . Serotherapy supplemented with adequate
sedation is of some value in tetanus,
while serotherapy of gas gangrene
probab l y has sli ght if any value.

6.

Mortalit y of tetanus is near 50 % and the mortalit y from gas gangrene 10 % or less , ·
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